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PREFACE. 


CHEinsTBT  may  be  studied  &om  two  wholly  different  aspects. 
In  the  first  place,  it  is  peculiarly  an  experimental  science ;  and 
the  experimental  method  by  which  its  facts  and  principles 
have  been  developed  is  at  once  its  most  conspicuous  and  its 
most  attractive  feature.  Moreover,  it  is  this  very  feature  which 
renders  the  study  of  chemistry  such  an  important  means  of 
education.  As  a  collection  of  valuable  facts,  chemistry  has  no 
greater  claims  to  be  included  in  a  course  of  liberal  culture  than 
many  other  branches  of  knowledge,  and  it  is  at  best  a  very 
unfruitful  field  for  the  exercise  of  the  memory.  But,  on  the 
other  hand,  there  is  no  study  which  is  better  adapted  to  cul- 
tivate the  powers  of  observation,  and  to  train  the  mind  in  the 
inductive  method  of  studying  nature,  than  this.  Hence,  chem- 
istry should  always  be  approached  from  the  experimental  side, 
and  its  facts  and  principles  should  be  directly  associated  with 
the  experimental  evidence  on  which  they  are  based.  Indeed,  it 
is  not  possible  to  obtain  an  accurate  and  real  knowledge  of  these 
elements  of  the  science  except  at  the  laboratory  table,  or  where 
the  student  is  brought  directly  in  contact  with  the  facts  of 
nature.  The  method  of  instruction  should  be  that  of  object 
teaching  from  the  first,  and  although  the  study  may  be  directed 
by  good  books,  like  Nichols's  Abridgment  of  Eliot  and  Storer's 
Manual,  it  must  be  rememberad  that  no  description  of  phe- 
nomena, however  vivid,  can  ever  produce  on  the  mind  the  im- 
pression of  the  phenomena  themselves. 

In  the  second  place,  however,  the  science  of  chemistry  is  a 
philosophical  system,  by  which  the  observed  phenomena  and 
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empirical  principles  have  been  classified  and  correlated;  and, 
after  the  student  has  become  personally  acquainted  with  the 
fundamental  facts,  it  is  essential  for  any  further  advancement 
in  the  study  thbt  he  should  comprehend  this  system.  Thus 
alone  can  he  give  breadth  and  dignity  to  his  knowledge,  and 
come  to  know  nature,  not  as  a  sum  of  certain  parts,  but  as  a 
grand  and  related  whole.  Such  a  generalized  knowledge  of 
chemistry  this  book  aims  to  impart.  It  presents  chemistry  as  a 
philosophical  system,  and  it  deals  with  the  facts  of  the  science 
only  so  far  as  they  illustrate  this  system.  It  is  not  intended  in 
any  respect  to  take  the  place  of  laboratory  teaching,  but  solely 
to  supplement  it.  Not  until  the  student  has  become  familiar 
with  chemical  phenomena,  at  least  to  some,  limited  extent,  is 
he  prepared  to  study  the  science  in  a  systematic  way ;  but  aU 
who  have  this  preparation  will  acquire  most  rapidly  a  general 
knowledge  of  the  whole  field  when  the  subject  is  presented  in  a 
deductive  form.  The  author  has  had  especially  in  view  this 
class  of  students,  and  has  endeavored  to  meet  their  wants. 

Part  I.  of  the  book  contains  a  statement  of  the  general  laws 
and  theories  of  chemistry,  an  explanation  of  its  nomenclature 
and  mode  of  symbolical  notation,  together  with  so  much  of  the 
principles  of  molecular  physics  as  are  constantly  applied  in 
chemical  investigations.  It  might  be  figuratively  called  a  gram- 
mar of  the  science.  It  is  intended  to  be  studied  independently, 
in  consecutive  lessons,  and  is  adapted  for  class-room  recitations, 
which  should  be  accompanied,  however,  by  such  experiments 
or  further  explanations  as  the  teacher  may  find  necessary  to 
render  the  subject  intelligible. 

Part  II.  of  the  book  presents  the  scheme  of  the  chemical 
elements.  It  should  only  be  studied  in  connection  with  experi- 
mental lectures  or  laboratory  work,  and  will  be  found  chiefly 
useful  for  systematizing  and  reviewing  the  phenomena  observed 
in  the  lecture-room  or  laboratory.  It  is  a  note-book  which  not 
only  records  the  most  important  facts,  but  also  connects  them  in 
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such  a  way  that  they  can  be  most  readily  comprehended  and 
remembered.  Since  Qualitative  and  Quantitative  Analysis  form 
such  important  subjects  of  laboratory  teaching,  it  has  been 
made  a  special  point  to  illustrate  those  relations  of  the  elements, 
often  subordinate,  on  which  analytical  processes  depend. 

The  value  of  problems  as  means  of  culture  and  tests  of  attain- 
ment can  hardly  be  overestimated,  and  they  have  therefore 
been  made  a  chief  feature  in  this  book.  Since  those  here  given 
are  chiefly  intended  as  guides  to  the  student,  the  answers  have 
usually  been  added;  and  where  the  method  was  not  obvious,  the 
chief  steps  in  the  solution  have  been  given  as  welL  Every 
teacher  wiU  be  able  to  multiply  problems  after  these  models  to 
suit  his  own  requirement& 

The  questions  which  accompany  the  problems  form  another 
essential  feature  in  the  plan  of  instruction  here  presented.  They 
are  intended,  not  only  to  direct  the  student's  attention  to  the 
most  important  points,  but  also  to  stimulate  thought  by  suggest- 
ing inferences  to  which  the  principles  stated  legitimately  lead 
These  questions,  moreover,  will  indicate  to  the  teacher  the  man- 
ner in  which  it  is  intended  that  the  book  should  be  studied. 

In  arranging  the  chapters  of  Part  I.,  the  only  aim  has  been 
to  present  the  several  subjects  in  a  logical  sequence.  In  other 
respects  the  order  adopted  is  not  always  the  most  philosophical ; 
but  the  teacher  can  of  course  vary  the  order  at  pleasure.  So, 
also,  in  regard  to  Part  II.,  the  teacher  may  prefer  to  take  up  the 
elements  in  his  lectures  in  a  different  order  from  that  in  which 
they  are  there  classified ;  but  then  the  several  "  Divisions  "  may 
be  studied  in  any  order  a  teacher  would  be  likely  to  adopt, 
with  equal  advantage. 

In  revising  the  book  for  this  edition,  it  has  been  largely 
rewritten,  —  to  such  an  extent  that  it  is  in  many  respects  a 
new  book.  Several  subjects  have  been  treated  in  a  novel 
way,  while  others,  which  have  been  chiefly  developed  during 
the  last  ten  years,  are  now  presented  for  the  first  time.    The 
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doctrine  of  special  types^  which  had  great  prominence  in  the 
science  when  the  book  was  first  written,  has  given  place  to 
the  more  general  conception  of  molecular  structura  The 
distinction  between  artiads  and  perissads  is  no  longer  made 
a  fundamental  basis  of  classification,  and  more  prominence 
is  given  to  serial  relations  and  the  law  of  periodicity.  The 
division  on  Organic  Chemistry  has  been  entirely  rewritten, 
on  a  plan  elaborated  by  Professor  C.  Loring  Jackson,  to  whom 
the  author  is  greatly  indebted  for  this  kind  assistance.  Pro- 
fessor Jackson,  however,  is  not  responsible  for  the  form  of 
statement  which  the  author  has  made  to  correspond  with  the 
rest  of  the  work.  Among  other  recent  results  of  chemical  in- 
vestigation, the  new  methods  of  determining  vapor  density,  the 
principles  of  thermo-chemistry,  the  theory  of  dissociation,  the 
doctrine  of  specific  refractive  power,  the  specific  heat  of  ele- 
mentary atoms,  the  relations  of  molecular  volumes,  and  the 
principles  of  chemical  classification,  are  all  described  in  their 
appropriate  places.  In  correcting  the  proof  of  this  edition,  the 
author  has  had  the  assistance  of  Professor  W.  R  Nichols,  of  the 
Institute  of  Technology,  who  has  made  many  valuable  sugges- 
tions, which  have  added  to  the  accuracy  and  completeness  of  the 
book,  and  he  would  here  express  hisi  great  obligations  for  this 
most  friendly  service. 

CAMBRmaB,  June  17,  1881. 
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CHEMICAL    PHILOSOPHY. 


PART  L 

CHAPTER   I. 

INTRODUCTION. 

1.  Dofinitioiis. — The  volume  of  a  body  is  the  space  it  fills, 
expressed  in  terms  of  an  assumed  unit  of  volume.  The  weight 
of  a  body,  as  the  word  is  used  in  chemistry  and  generally  in 
common  life,  is  the  amount  of  material  which  the  body  contains 
compared  with  that  in  some  other  body  assumed  as  the  unit  of 
weight  The  specific  gravity  of  a  body  is  the  ratio  of  its  weight 
to  the  weight  of  an  equal  volume  of  some  substance  which  has 
been  selected  as  the  standard.  Solids  and  liquids  are  always 
compared  with  water  at  its  greatest  density,  which  is  at  4^ 
centigrade,  and  hence  the  numbers  which  stand  for  their  specific 
gravities  express  how  many  times  heavier  they  are  than  an 
equal  volume  of  water  at  this  temperature.  Gases,  however, 
are  most  conveniently  compared  with  the  lightest  of  all  known 
forms  of  matter,  namely,  hydrc^en,  and  in  this  book  the  number 
which  indicates  the  specific  gravity  of  a  gas  expresses  how  many 
times  heavier  it  is  than  an  equal  volume  of  hydrogen,  compared 
under  the  same  conditions  of  temperature  and  pressure. 

2.  Volume  and  "Weight  —  All    experimental    science   rests 

upon  accurate  measurements  of  these  fundamental  elements, 

and  it  is  therefore  very  important  that  there  should  be  a  general 

agreement  among  scientific  men  in  regard  to  them.    This  has 
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been  secured  by  the  almost  universal  adoption  of  the  French 
system  of  measures  and  weights  in  all  scientific  investigations. 
The  details  of  this  system  are  given  in  Table  I.,  and  they  re- 
quire no  further  explanation.  Its  great  advantage  over  our 
ordinary  English  system  is  not  only  in  its  decimal  subdivision, 
but  also  in  the  simple  relation  which  exists  between  the  units 
of  measure  and  of  weight  Since  the  unit  of  weight  is  the 
weight  of  the  unit  volume  of  water,  and  since  the  specific 
gravity  of  solids  and  liquids  is  always  referred  to  water,  as  the 
standard,  it  is  always  true  in  this  system  that 

W=rxSp.Gr.  [1] 

If  the  volume  is  given  in  cubic  centimetres,  the  weight  obtained 

is  in  grammes ;  but  if  the  volume  is  given  in  cubic  decimetres 

(Le.  litres),  the  weight  is  found  in  kilogrammes.    In  this  formula, 

Sp.  Or.  stands  for  the  specific  gravity  referred  to  water.    If  the 

specific  gravity  is  referred  to  hydrogen,  as  in  the  case  of  gases, 

the  value  must  be  reduced  to  the  water  standard  before  using  it 

in  the  formula.    The  reduction  is  easily  made,  by  multiplying 

by  0.0000896,  a  fraction  which  is  simply  the  specific  gravity  of 

hydrogen  itself  referred  to  water.    Using  Sp.  Gr.  to  represent 

the  specific  gravity  of  a  gas  referred  to  hydrogen,  the  formula 

becomes 

W-Vx  Sp.  Gr.  X  0.0000896,  [2] 

and  may  then  be  used  in  all  calculations  connected  with  the 
weight  and  volume  of  aeriform  bodies.  In  such  calculations,  in 
order  to  avoid  the  long  decimal  fractions  which  the  use  of  the 
gramme  entails,  Hofmann  has  proposed  to  introduce  into  chem- 
istry a  new  unit  of  weight  which  he  calls  the  crith.  This  unit 
is  the  weight  of  one  cubic  decimetre  or  litre  of  hydrogen  gas  at 
the  standard  temperature  and  pressure,  and  is  equal  to  0.0896 
gramme.  If  now  we  estimate  the  weight  of  all  gases  in  criths^ 
and  let  W  represent  this  weight,  while  W  represents  the  weight 
in  grammes,  and  V  the  volume  in  lUreSy  we  shall  also  have 

W  =  VxSp.  Gr. '  and      ir=Wx  0.0896,  [3] 
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and  all  problems  of  this  kind  wiU  then  be  reduced  to  their 
simplest  term& 

The  specific  gravity  of  gases  is  also  frequently  referred  to  dry 
air,  which  for  many  reasons  is  a  convenient  standard.  The 
weight  of  one  litre  of  air  under  standard  conditions  is  1.293187 
grammes.  Hence,  representing  specific  gravity  referred  to  air 
by  0)i.  (9r.  we  have 

Sp.  Gr.  :  S)l.  (SEtf.  =:  1.2932  :  0.0896, 
or 

Sp.  Gr.  =  Sp.  ®r.  X  U.42, 
and 

Sf.  ®r.  =  Sp.  Gr.  X  0.06929. 

3.  CbamiJitry  and  Physioa.  —  Among  material  phenomena 
we  may  distinguish  two  classes:  first,  those  which  are  mani- 
fested without  a  loss  of  identity  in  the  substances  involved; 
secondly,  those  which  are  attended  by  a  change  of  one  or  more 
of  the  materials  employed  into  new  substances.  The  science  of 
chemistry  deals  with  the  last  class  of  phenomena,  that  of  physics 
with  the  first ;  and  hence  the  terms  "  chemical "  and  ''  physical " 
phenomena.  An  illustration  will  make  this  distinction  plain. 
When  a  bar  of  iron  is  drawn  out  into  wire,  is  rolled  out  into 
thin  leaves,  is  reduced  by  mechanical  means  to  powder,  is  forged 
into  various  shapes,  is  melted  and  cast  into  moulds,  is  mag- 
netized, or  is  made  the  medium  of  an  electric  current,  since  the 
metal  does  not  in  any  case  lose  its  identity,  the  phenomena  are 
all  physical.  When,  on  the  other  hand,  the  iron  bar  rusts  in 
the  air,  is  burnt  at  the  blacksmith's  forge,  or  is  dissolved  in 
dilute  sulphuric  acid,  the  iron  is  converted  into  a  new  substance, 
iron  rust,  iron  cinders,  or  green  vitriol,  and  the  phenomena  are 
chemical  The  distinction  between  these  two  departments  of 
human  knowledge  is  not,  however,  so  strongly  marked  as  the 
definition  would  seem  to  imply.  In  fact  they  coalesce  at  many 
points,  and  a  knowledge  of  the  elements  of  physics  is  an  essential 
preliminary  to  the  successful  study  of  chemistry.  In  the  follow- 
ing pages  it  will  be  assumed  that  the  student  is  acquainted  with 
the  most  elementaiy  principles  of*  this  science,  and  references 
will  be  made  to  the  sections  of  the  author's  work  on  Chemical 


4  QUESTIONS  AND  PROBLEMS.  [{3. 

Physics.  The  same  relation  which  physics  bears  to  chemistry 
on  the  one  side,  chemistry  bears  to  physiology  and  the  natural- 
history  sciences  on  the  other. 


QUESTIONS  AND  PBOBLEMS. 

1.  Reduce  by  Table  L,  —  '  ' 

30  inches  to  fractions  of  a  metre.  Ans.  0.7619  metre. 

76  centimetres  to  inches.  Ans.  29.92  inches. 

36  kilometres  to  miles.  Ans.  22.38  miles. 

10  metres  to  feet  and  inches.  Ans.  32  ft.  9.7  inches. 

1  cubic  metre  to  quarts.  Ans.  880.66  quarts. 

1  cubic  foot  to  Utres.  Ans.  28.31  litres. 

1  pint  to  cubic  centimetres.  Ans.  567.8  c.  m.* 

1  litre  to  cubic  inches.  Ans.  61.027  cubic  inches. 

1  pound  avoirdupois  to  grammes.  Ans.  453.6  grammes. 

1  kilogramme  to  ounces  avoirdupois.  Ans.  35.27  ounces. 

1  ounce  to  grammes.  Ans.  28.35  grammes. 

2.  If  the  globe  were  a  perfect  sphere,  what  would  be  the  circumfer- 
ence and  what  the  diameter  in  kilometres  1  * 

Ans.  Circumference,  40,000  kilometres. 
Diameter,  12,740        " 

3.  The  length  of  the  metre  was  determined  by  measuring  the  dis- 
tance between  Dunkirk  (in  France),  latitude  51^  2'  9",  and  Formen- 
tera  (one  of  the  Balearic  Islands),  latitude  38""  39'  56'',  both  on  the 
same  meridian.  This  distance  was  found  by  triangulation  to  be  equal 
to  730,430  toises.  What  is  the  length  of  a  metre  in  terms  of  this 
old  French  unit  of  measure  1  What,  also,  was  the  length  measured  in 
English  miles  1  No  account  is  to  be  taken  of  the  ellipticity  of  the 
earth.  Ans.  The  metre,  0.5314  toise. 

The  length  was  854  miles. 

4.  The  Sp.  Or.  of  iron  is  7.84.  What  is  the  weight  of  10  cTml* 
of  the  metal  in  grammes  1  What  is  also  the  weight  in  kilogrammes 
of  a  sphere  of  iron  whose  diameter  equals  one  decimetre ) 

Ans.  78.4  grammes  and  4.105  kilogrammes. 

5.  What  is  the  weight  in  grammes  of  50  c.  m.'  of  oil  of  vitriol, 
when  the  Sp.  Gr.  of  the  liquid  is  1.8 )  Ans.  90  grammes. 
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6.  The  Sp.  6r.  of  alcohol  bemg  0.8,  what  volume  in  litres  would 
weigh  7.2  kilogrammes  t  Ans.  9  litres. 

7.  Assuming  that  the  earth  is  spherical,  and  its  mean  Sp.  Gr.  5.67, 
what  would  he  its  weight,  using  as  the  imit  of  weight  a  kilometre 
cuhe  of  water  at  its  greatest  density  t  Ans.  6,130,000,000,000. 

8.  Determine  the  Sp,  Or.  of  absolute  alcohol  from  the  following 
data:  weight  of  empty  bottle,  4.326;  weight  of  same  filled  with 
water,  19.654;  weight  of  same  filled  with  alcohol,  16.741. 

Ans.  0.8095. 

9.  Determine  the  Sp,  Or.  of  lead  from  the  following  data  :  weight 
of  bottle  filled  with  water,  19.654;  weight  of  lead  shot,  15.456; 
weight  of  bottle  filled  in  part  with  the  shot  and  the  rest  with  water, 
33.766.  .  Ans.  11.5. 

10.  Determine  the  Sp.  Or,  of  iron  firom  —  weight  of  iron  in  air, 
3.92 ;  weight  under  water,  3.42.  Ans.  7.84. 

11.  Determine  the  Sp,  Or.  of  wood  from  —  weight  of  wood  in  air, 
25.35 ;  weight  of  sinker  under  water,  9.75 ;  weight  of  wood  with 
sinker  under  water,  5.10  grammes.  Ans.  0.845. 

12.  How  much  volume  must  a  hollow  sphere  of  copper  have, 
weighing  one  kilogramme,  which  will  just  float  in  water  1  What  must 
be  the  volume  of  the  copper  (Sp,  Or.  of  copper,  8.8) ) 

Ans.  1  cubic  decimetre  and  113.6  cTm} 

13.  How  much  volume  must  a  hollow  cylinder  of  iron  have,  which 
weighs  10  kilogrammes  and  sinks  one  half  in  water,  and  what  must  be 
the  volume  of  the  metal  1      Ans.  20  d.  m.  and  1.276  cubic  decimetres. 

14.  What  is  the  weight  in  grammes  (under  standard  conditions)  of 
128  cTml*  of  oxygen  gas  (Sp.  Gr.  =  16)1  Ans.  0.183#gramme. 

15.  How  many  litres  of  carbonic  anhydride  gas  (Sp.  Gr.  =  22) 
would  weigh  (under  normal  conditions)  4.480  kilogrammes  1 

Ans.  2273  litres. 

16.  Solve  the  last  two  problems  by  [3],  and  show  in  what  respect 
the  method  differs  from  that  indicated  by  [2]. 

17.  What  is  the  weight  in  criths  (under  standard  conditions)  of 
one  litre  of  nitrogen  gas  (Sp.  Gr.  =  14),  of  one  litre  of  chlorine  gas 
(Sp.  Gr.  =  35.5),  of  one  litre  of  marsh  gas  (Sp.  Gr.  =  8),  and  of  one 
litre  of  ammonia  gas  (Sp.  Gr.  =  8.5)  ? 

Ans.  14,  35.5,  8,  and  8.5  criths,  respectively. 


%  • 
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18.  What  18  the  weight  in  giaimaes  of  one  litre  of  each  of  the  same 
gases  under  the  same  conditions  1 

Ans.  1.254,  3.180,  0.7166^  and  0.7614  grammes  lespeetiyelj. 

19.  The  weight  of  one  litre  of  hydrochloric  acid  gas  is  1.642 
grammes ;  of  carbonic  oxide  gas  1.2500  grammes ;  of  cyanogen  gas 
2.335  grammes,  and  of  hydrogen  gas  0.0896  gramme.  What  i?  the 
specific  gravity  of  each  of  these  gases  referred  to  air  1 

Ans.  1.270,  0.9668,  1.806,  and  0.0693  respectively. 

20.  What  is  the  volume  (under  standard  conditions)  of  12.54 
grammes  of  nitrogen  gas,  when  the  specific  gravity  referred  to  air  is 
0.97031  Ans.  10  litres. 

21.  What  IB  the  weight  of  one  litre  of  air  in  criths) 

Ans.  14.42  criths. 

22.  What  would  be  the  ascensional  force  of  one  thousand  litres  of 
hydrogen,  under  normal  conditions  1 

Ans.  The  ascensional  force  is  the  difference  between  the  weight 
of  the  hydrogen  and  that  of  the  air  displaced.  Hence,  in 
the  present  example,  the  ascensional  force  would  be  14,420 
— 1,000=  13,420  criths,  or  1,201  grammes. 

23.  What  is  the  value  of  a  crith  in  grains,  English  weight) 

Ans.  1.382  grains. 

KoTS.  —  The  answers  to  the  problems  in  this  book  have  been  obtained  with  the 
table  of  fonr-place  logarithms  which  aocompanies  it,  and  are  only  aocntate  to  tha 
degree  of  precision  which  this  taUe  affords. 


CHAPTER  n. 

lOMDAmNTAL  CHXiaOAL  BHATIONS. 

4  Oompoimds  and  Bl«m«nti.  —  With  only  about  seventy 
known  exceptions,  all  substances,  by  various  chemical  processes, 
may  be  decomposed,  and  hence  are  called  Ghvmieal  eampaunds  ; 
while  the  seventy  substances  which  have  as  yet  never  been  re-, 
solved  into  simpler  parts  are  called  ehemiccd  tkfin^nts.  There  is 
some  reason  for  believing  that  many,  if  not  all,  of  these  elemen- 
tary substances  may  hereafter  be  decomposed,  and  hence  they 
can  only  be  considered  chemical  elements  provisionally;  but 
however  this  may  be,  all  known  materials  may  still  be  regarded 
as  formed  by  the  union  of  the  particles  of  one  or  more  of  these 
seventy  substances.  A  list  of  the  chemical  elements  is  given  in 
Table  11.  But  as  names  have  been  assigned  by  good  authori- 
ties to  several  assumed  elements,  whose  existence  cannot  be 
regarded  as  demonstrated,  these  names  are  queried  in  the  table. 
Of  these  elementary  substances  more  than  three  fourths  possess 
metallic  properties,  and  among  them  are  all  the  useful  metals, 
including  the  liquid  metal  mercury.  The  rest  present  every 
variety  of  physical  character.  Oxygen,  hydrogen,  nitrogen, 
chlorine,  and  probably  fluorine,  are  gases  under  ordinary  con- 
ditions, although  by  intense  cold  and  great  pressure  they  have 
all  been  condensed  to  liquids.  Bromine  is  a  very  volatile  liquid; 
and  among  the  solids  we  have  every  gradation  between  the 
highly  volatile  iodine,  or  the  easily  fusible  phosphorus,  on  the 
one  hand,  and  carbon,  which  has  never  even  been  melted,  on 
the  other.  We  find,  also,  among  the  elements  every  difference 
as  regards  density.  Hydrogen  gas  is  the  lightest,  and  the  metal 
platinum  the  heaviest  substance  known.  Several  of  the  ele« 
mentary  substances  occur  in  a  free  state  in  nature,  for  example, 
oxygen  and  nitrogen  in  the  atmosphere,  carbon  in  the  coal  beds. 
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sulphur  in  the  neighborhood  of  active  volcanoes,  iron  in  meteoric 
stones,  while  arsenic,  antimony,  bismuth,  copper,  gold,  silver, 
mercury,  and  platinum,  with  a  few  other  rare  associates,  are 
sometimes  found  in  a  more  or  less  pure  state  in  metallic  veins. 
Gold  and  platinum  are  usually  found  in  a  free  condition,  though 
as  a  rule  slightly  alloyed  with  their  associated  metals ;  but  all  the 
other  elements  are  generally  found  in  combination,  and  the  greater 
number  appear  in  nature  only  in  this  condition.  From  i^uch  com- 
pounds the  elements  may  be  extracted  by  various  chemical  pro- 
cesses, which  will  appear  as  we  proceed.  Among  these  elemexttB 
the  useful  metals  are  the  tools  of  civilization,  carbon  is  our  uni- 
versal fuel,  while  sulphur,  phosphorus,  arsenic,  chlorine,  bromine, 
and  iodine  have  found  important  applications  in  the  arts,  and 
are  therefore  articles  of  commerce ;  but  the  greater  number  of 
the  elements  are  only  to-  be  seen  in  the  chemist's  laboratory, 
and  are  solely  objects  of  chemical  investigation.  The  elements 
are  distributed  in  nature  in  very  unequal  proportions.  At  least 
one  half  of  the  solid  crust  of  the  globe,  eight  ninths  of  the  water 
on  its  surface,  and  one  fifth  of  the  atmosphere  which  surrounds 
it,  consist  of  the  one  element,  oxygen.  Moreover,  the  other 
elements  are  usually  found  in  combination  with  oxygen,  so  that 
oxygen  may  be  regarded  as  the  cement  by  which  these  ele^ 
mentary  parts  of  the  world  are  held  together.  Next  in  abun- 
dance is  silicon,  which,  after  oxygen,  is  the  chief  constituent  of 
the  rocks,  and  makes  up  about  one  fourth  of  the  earth's  crust 
Silicon  is  always  found  combined  with  oxygen,  and  more  than 
one  half  of  the  oxygen  of  the  globe  is  in  combination  with  this 
element  Hence,  the  compound  of  the  two,  which  we  call  silica 
or  quartz,  must  make  up  more  than  one  half  of  our  solid  globe, 
at  least  as  far  as  its  composition  is  known.  After  silicon  in  the 
order  of  abundance  would  follow  the  elements  aluminum,  cal- 
cium, magnesium,  potassium,  sodium,  iron,  carbon,  sulphur, 
hydrogen,  chlorine,  nitrogen,  which,  without  attempting  to  dis- 
criminate between  them,  make  up  together  very  nearly  the  other 
fourth  of  the  earth's  mass ;  for  the  remaining  elements  —  includ- 
ing all  the  useful  metals  except  iron  —  do  not  constitute  in  all 
more  than  a  hundredth  part  of  it.     Of  the  seventy  known 
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elements,  then,  thirteen  alone  make  up  at  least  ninety-nine 
himdredths  of  the  whole  known  mass  of  the  earth. 

5.  Analysis  and  Syntheaia.  —  The  composition  of  a  chem- 
ical compound  may  be  made  evident  in  two  ways:  first,  by 
breaking  up  the  compound  into  its  constituent  parts ;  secondly, 
by  reuniting  these  parts  and  reproducing  the  original  substance. 
The  first  of  these  methods  of  proof  is  called  aneUysis;  the  second, 
syrUhesia,  The  study  of  the  processes  (whether  analytical  or 
synthetical)  by  which  the  composition  of  a  body  may  be  dis- 
covered, and  the  relative  amounts  of  its  various  constituents 
determined,  forms  an  important  branch  of  practical  chemistry, 
which  is  known,  in  general^  as  Chemical  Analysis,  and  this  is 
subdivided  into  Qualitative  and  Quantitative  Analysis,  accord- 
ing to  the  object  in  view. 

6.  Zaw  of  Definite  Proportions.  —  Numberless  analyses  have 
proved  that  any  given  chemical  compound  always  contains  the 
same  elements  combined  in  the  same  prop&i'tions.  Thus,  when 
we  analyze  water,  sugar,  and  salt,  we  always  obtain  the  result 
given  below ;  and  this  result  i&  invariable,  saving  small  errors 
of  observation,  from  whatever  source  these  materials  may  be 
drawn.  The  composition  is  given  in  per  cents,  as  is  usucd  in 
such  cases. 

•  Water  (pamu).  BaU.  Sugar  (P^Ugot). 

Hydrogen,  11.112  Sodium,    39.32  Carbon,      42.06 

Oxygen,     88.888  Chlorine,  60.68  Hydrogen,    6.50 

100.000  100.00  Oxygen,     51.44 

100.00 

Chemists  have  not  3ret  succeeded  in  making  sugar  by  com- 
bining its  elements,  but  the  synthesis  both  of  water  and  salt  is 
easily  effected,  and  illustrates  still  more  forcibly  the  law  we  are 
considering.  Thus  we  may  mix  together  hydrogen  and  oxygen 
gas  in  any  proportion,  but  when,  by  passing  an  electric  spark 
through  the  mixture,  we  cause  the  elements  to  combine,  then  the 
gases  unite  in  the  exact  proportion  indicated  above,  and  any 
excess  of  one  or  the  other  which  may  be  present  is  left  over. 
The  law  of  definite  proportions  gives  to  chemistiy  a  mathemati- 


10  OHEMICAL  PROCESSES.  [|  & 

oal  basis;  for,  since  the  analyses  of  all  compounds  have  been 
made  and  tabidated  in  a  way  that  will  be  soon  explained,  it  is 
always  possible,  when  the  weight  of  a  compound  is  given,  to  cal- 
culate the  weights  of  its  constituents,  and,  when  the  weight  of 
one  of  its  elements  is  known,  to  calculate  the  weights  of  all  the 
other  elements  present 

7.  Bfllzture  and  Ghamloal  Oompovnd. -— The  law  of  definite 
proportions  gives  a  simple  criterion  for  distinguishing  between 
a  mixture  and  a  true  chemical  compound.  In  the  first  the  ele- 
ments may  be  mixed  in  any  proportion,  but  in  the  true  compound 
they  are  always  combined  in  definite  proportions.  Thus  we  may 
mix  together  copper  filings  and  sulphur  in  toy  proportion,  but 
as  soon  as  we  apply  heat,  and  cause  the  elements  to  combine, 
then  the  copper  combines  with  one  half  of  its  own  weight  of 
sulphur,  and  the  excess  of  either  element  above  these  proportions 
is  discarded.  Again,  in  a  mixture  however  homogeneous,  we  can 
generally,  by  mechanical  means  alone,  distinguish  the  ingredients. 
Thus,  in  the  mixture  just  referred  to,  a  microscope  would  show 
the  grains  of  sulphur  and  metallic  copper,  with  all  their  charac- 
teristic appearances,  and  by  means  of  carbonic  disulphide  we  can 
easily  dissolve  out  all  the  sulphur  from  the  mixture ;  but  after 
the  chemical  union  has  taken  place,  the  characteristic  properties 
of  the  elements  are  rnerged  in  those  of  the  compound,  and  no 
such  simple  mechanical  separation  is  possible  Nevertheless, 
although  these  distinctions  are  generally  sufficient,  we  find  in 
some  alloys,  in  solutions,  and  in  compounds  of  a  few  other 
classes,  less  intimate  conditions  of  chemical  union  where  these 
criterions  fail. 

8.  Chemical  Ptoomms. — The  law  of  definite  proportions  has 
a  stiU  wider  application  than  that  indicated  in  the  last  two 
sections.  The  chief  feature  of  every  well-defined  chemical  pro- 
cess is,  that  from  one  or  more  definite  substances  certain  other 
equally  definite  substances  are  formed.  Thus,  in  the  example 
just  given,  from  the  well-known  substances  copper  and  sulphur 
a  new  and  equally  definite  substance,  cupric  sulphide,  results. 
Again,  by  heating  common  salt  with  sulphuric  acid,  we  obtain 
two  other  definite  substances,  hydrosodic  sulphate  and  hydro- 
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cUoiio  acid  gas.  So  also  hydrochloric  acid  gas  and  ammonia 
gas  yield  ammonic  chloride ;  while  chalk  and  hydrochloric  acid 
give  calcic  chloride^  carbonic  dioxide,  and  water.  Now,  as  in 
the  case  of  the  copper  and  sulphur,  mentioned  above,  so  in  all 
the  chemical  changes  just  cited,  and  in  all  similar  cases,  there 
is  a  definite  relation  between  the  weights  of  the  several  substances 
which  take  part  in  or  result  from  the  chemical  action ;  and,  as 
will  hereafter  be  shown,  we  can  always  calculate  the  exact  pro- 
portions in  which  the  required  materials  should  be  used,  and  also 
the  weight  of  the  several  products  which  will  result 

9.  Xaw  of  Multli^e  Proportloiis.  —  It  is  generally  the  case 
that  the  same  elements  unite  in  more  than  one  proportion, 
forming  two  or  more  different  compounds ;  and  we  always  find 
that  the  proportions  of  the  elements  in  such  compounds  are 
simple  multiples  of  each  other.  This  law  is  best  illustrated  by 
the  compounds  of  nitrogen  and  oxygen,  which  are  five  in  num- 
ber, and  have  the  names  indicated  in  the  table  below.  In  order 
to  make  evident  the  law,  we  give,  not  the  percentage  composi- 
tion as  above,  but  the  amount  of  oxygen,  which  is  in  each  case 
combined  with  one  and  three  fourths  parts  of  nitrogen. 

COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 

Nlteonn,  OijgMi,  Nitrogen,  Oxyitii 

by  wialfht.  bj  wdghL       bj  Tolnme.         by  imm 

Nitrogen  Monoxide,  1.75  1  2  1 

Nitrogen  Dioxide,  1.75  2  2  2 

Nitrogen  Trioxide,  1.75  3  2  3 

Nitrogen  Tetroxide,  1.75  4  2  4 

Nitrogen  Pentoxide,  1.75  5  2  5 

So  also 

Oacbon,  bj  wilglii       Oxjwm,  by  iral^t 

Carbon  Monoxide,  3  4 

Carbon  Dioxide,  3  8 

and  likewise 

IbafUMM,  bj  wilglii  ObloriiM,  Ij  nvlght 

Manganons  Chloride,  55  71.0  =  2  (35.5) 

Manganic  Sesquichloiide,       55  106.5  =  3  (35.5) 

Manganic  Tettachloride,        65  142.0  as  4  (35.5) 


CHAPTER  IIL 


MOLECULES. 


10.  Molecular  Tbeory. — The  only  explanation  of  the  laws 
of  definite  and  multiple  proportions  which  up  to  this  time  the 
science  of  chemistry  has  furnished,  is  that  all  masses  of  matter 
have  a  certain  minute  granular  structure ;  and  that,  while  there 
are  as  many  kinds  of  grains  as  there  are  different  substances  in 
nature,  all  the  grains  of  the  same  substance  are  alike  in  every 
respect.  These  grains  are  called  molecules,  and  are  the  smallest 
masses  into  which  a  substance  can  be  divided  wUhout  destroying  its 
identity. 

But  while  molecules  are  the  smallest  particles  of  any  sfiibstance 
which  can  exist  by  themselves,  they  must  in  their  turn  be  re- 
garded as  aggregates  of  still  smaller  masses  of  one  or  more  of 
the  seventy  chemical  elements;  and  these  ultimate  elementary 
particles,  the  smallest  masses  of  matter  which  science  has  yet 
distinguished,  are  called  atoms.  The  molecules  are  the  vltimate 
particles  of  any  stibstance  in  which  its  qualities  inhere,  and  this 
is  as  true  of  an  elementary  as  it  is  of  a  compound  substance. 
But  while  the  molecules  of  a  compound  substance  are  always 
aggregates  of  two  or  more  kinds  of  atoms,  the  molecules  of  an 
elementary  substance  are  aggregates  of  atoms  of  the  same  kind, 
and  in  some  cases  —  as,  for  example,  the  molecules  of  mercury 
and  zinc  —  consist  of  only  one  atom  (or,  in  other  words,  are 
identical  with  the  atoms). 

So  long  as,  in  spite  of  mechanical  subdivision  or  physical 
changes,  the  integrity  of  the  molecules  is  preserved,  the  identity 
of  a  substance  remains;  but  when  in  a  chemical  process  new 
substances  are  formed,  the  molecules  are  subdivided  and  the 
atoms  rearranged  to  form  the  new  molecules  of  the  resulting 
product    Thus  a  lump  of  sugar  is  an  aggregate  of  sugar  mole- 
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CTiles.  When  dissolved  in  water,  the  molecules  probably  become 
isolated  and  distributed  among  the  molecules  of  the  liquid,  but 
the  qualities  of  the  sugar  are  not  lost,  because  the  individual 
molecules  remain  unchanged.  But  when  the  sugar  is  burnt,  the 
molecules  are  subdivided,  and  the  resulting  atoms  of  carbon, 
hydrogen,  and  oxygen  unite  to  form  the  molecules  of  the  char- 
coal, water,  and  other  products  which  result  In  like  manner,  a 
drop  of  water  is  an  aggregate  of  molecules  of  water.  When  con- 
verted into  steam  we  still  recognize  in  this  vapor  the  same  chemi- 
cal substance  as  before,  because  the  molecules,  although  driven 
apart  by  the  action  of  heat,  are  not  otherwise  altered.  But  on 
passing  a  current  of  electricity  through  the  drop,  these  molecules 
are  subdivided  into  atoms  of  oxygen  and  hydrogen,  which  imite 
in  pairs  —  two  oxygen  atoms  together  and  two  hydrogen  atoms 
together  —  to  form  the  molecules  of  the  oxygen  and  hydrogen 
gases  which  are  the  products  of  the  electrolysis. 

11.  Physioal  Properttas  of  Matter.  —  The  physical  qualities 
of  a  body  depend  on  the  relations  of  its  molecules,  and  the 
doctrine  of  molecular  structure  is  even  more  important  as  a 
theory  of  Physics  than  it  is  in  Chemistry.  The  molecules  are 
the  units  of  the  physicist,  and  the  points  of  application  of  the 
forces  which  he  chiefly  studies.  Some  of  the  phenomena  he  has 
discovered  have  enabled  him  to  form  approximate  estimates  of 
molecular  magnitudes,  and  definite  conceptions  of  the  modes  of 
molecular  motion ;  and  thus  within  a  few  years  has  arisen  a  new 
department  of  his  science,  called  molecular  mechanics. 

Solid,  —  In  a  solid  the  molecules  firmly  cohere,  and  the  force 
which  binds  them  together  has  been  called  cohesion.  Hence 
solids  have  a  definite  form  and  structure,  and  resist  any  sheer-- 
ing  stress,  or  other  force  which  tends  to  change  the  relative  posi- 
tion of  their  molecules.  Some  of  the  phenomena  of  crystallization 
indicate  that  cohesion  is  a  polar  force  aUied  to  magnetism ;  and 
the  well-known  qualities  of  solid  bodies,  such  as  crystalline  form, 
elasticity,  tenacity,  ductility  or  malleability,  hardness,  transpar- 
ency, diathermancy,  refracting  power,  etc.,  are  all,  doubtless, 
different  manifestations  of  a  molecular  structure  which  is  held 
together  by  some  mode  of  polar  force.    But  we  have  not  yet  been 
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able  to  acquire  any  positiye  knowledge  in  regard  to  the  detaiU  of 
the  molecular  structure  from  which  such  different  qualities  result 
The  molecules  of  all  bodies  are  supposed  to  be  in  motion,  but  in 
solids  the  motion  is  so  circumscribed  that  the  relative  position 
of  the  molecules  is  not  as  a  rule  permanently  altered. 

Liquid.  —  In  the  liquid  condition  of  matter  the  molecules  have 
great  fireedom  of  motion  among  themselves,  and  do  not  resist  the 
least  sheering  stress ;  but  still  the  motion  is  circumscribed  within 
the  liquid  masa  Hence  a  liquid  has  a  definite  surface,  which 
at  each  point  is  at  right  angles  to  the  direction  of  the  resultant 
of  all  the  forces  acting  at  that  point  Thus  the  surface  of  still 
water  is  at  right  angles  to  the  direction  of  the  force  of  gravita- 
tion, and  a  mass  of  liquid  in  equilibrium,  like  the  raindrop, 
takes  a  spherical  form.  In  a  liquid,  however,  a  certain  cohesion 
still  exists  between  the  molecules,  and  the  various  phases  of 
capillary  action  are  effects  of  the  cohedon  of  the  liquid  mole- 
cules modified  by  their  adhesion  to  the  surfaces  of  soUds.  The 
solvent  power  of  liquids  seems  to  be  a  still  further  effect  of  the 
same  mutual  action.  Connected  also  with  this  freedom  of  mo« 
lecular  motion  is  the  property  of  liquids  of  transmitting  pressure 
in  all  directions,  as  are  also  the  well-known  principles  of  hydro- 
statics to  which  it  leads ;  but  this  property  belongs  to  the  third 
condition  of  matter  as  welL 

Oas,  —  In  the  aeriform  condition  of  matter,  the  motion  of  the 
molecules  ib  only  circumscribed  by  the  walls  of  the  containing 
vessel,  or  by  some  force  acting  on  the  mass  from  without,  in  the 
case  of  the  atmosphere  by  the  force  of  gravitation.  The  mole- 
cules of  a  gas  are  constantly  beating  against  the  walls  which 
confine  them,  and  were  they  not  restrained  would  fly  off  into 
space.  Hence  gases  always  exert  pressure  against  any  surface 
with  which  they  are  in  contact,  and  we  measure  the  pressure,  or, 
as  we  frequently  call  it,  the  tensum  of  the  gas,  by  the  height  to 
which  it  will  raise  a  column  of  mercury  (Chem.  Phys.  158). 
The  instrument  used  for  this  purpose  is  called  a  barometer.  The 
height  of  the  barometer,  or  of  any  mercury  column  which  repre- 
sents the  pressure  or  tension  of  a  gas,  is  always  represented  by  H. 

In  our  latitude,  at  the  surface  of  the  sea,  the  atmosphere  in 
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its  normal  conditions  will  raise  a  column  of  mercury  76  c.  m. 
high.  Hence  E  =  76,  and  to  this  standard  we  always  refer  in 
comparing  together  the  volumes  of  different  gases. 

12.  Marietta's  Law.  —  The  most  characteristic  feature  of  the 
aeriform  condition  is  the  great  change  of  volume  which  gases 
undergo  under  varying  pressure,  and  the  special  law  of  com- 
pressibility which  they  obey.  If  we  represent  by  H  and  W  two 
conditions  of  pressure  to  which  the  same  body  of  gas  is  at  differ- 
ent times  exposed,  then  the  law  is  expressed  by  the  formula 

r.r^E'iff.  [4] 

Moreover,  since  the  density,  or  specific  gravity,  of  a  given  mass 
of  gas  must  be  the  greater  the  less  its  volume,  it  is  also  true  that 

8  :  y=  Sp.  Gr. :  Sp.  QrJ^H\W\  [6] 

and  lastly,  since  the  weight  of  a  given  volume  of  gas  is  obviously 
proportional  to  its  specific  gravity,  we  also  have 

W\W^z=zH\H\  [6] 

in  which  W  and  W  represent  the  weight  of  an  eqval  volwnu  of 
the  same  gas  under  the  two  pressures  H  and  JET'. 

It  must  be  noticed  that  in  [4]  the  mass  of  the  gas  is  assumed 
to  be  constant  while  its  volume  varies,  as  is  the  case  when  a 
mass  of  gas  is  kept  over  a  pneumatic  trough  or  in  an  india- 
«  rubber  bag.  On  the  other  hand,  in  [6]  the  volume  is  assumed 
to  be  constant  while  the  mass  varies,  as  is  the  case  with  the  air 
contained  in  an  open  glass  bottle  or  displaced  by  a  glass  globe, 
while  [5]  is  independent  either  of  a  constant  mass  or  of  a  con- 
stant voluma 

The  law  of  Mariotte  may  be  directly  deduced  from  the  theory 
stated  in  the  last  section.  For  if  the  molecules  of  a  gas  move 
freely,  and  gas  tension  is  the  effect  of  an  incessant  molecular 
bombardment,  it  is  evident  that  each  of  the  molecules  confined 
in  a' given  space  (a  glass  globe,  for  example)  must  in  the  long 
run  do  the  same  amount  of  work.  Hence  the  tension  must  be 
proportional  to  the  number  of  the  molecules  present,  or,  what 
amounts  to  the  same  thing,  to  the  density,  or  specific  gravity,  of 
the  confined  gas.    Thus  we  at  once  deduce  the  truth  expressed 
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by  [5],  and'  from  this  proportion  we  easily  pass  to  [4]  or  [6], 
which  are  the  more  common,  although  less  simple,  expressions 
of  the  law. 

T&iwpeTaJtuTt  is  that  variable  condition  of  matter  whose  degrees 
we  roughly  designate  by  the  words  hot  and  cold.  The  sense  of 
touch  gives  us  the  first  conception,  as  well  as  a  rude  measure,  of 
temperature,  and  the  thermometer  (a  familiar  instrument^  fully 
described  in  Ghem.  Phys.  217-228)  is  a  more  accurate  measure 
of  the  same  condition.  Experience  teaches  that  there  is  a  con- 
stant tendency  in  nature  to  an  equilibrium  of  temperature.  A 
cold  body  brought  into  a  warm  room  soon  becomes  warm,  and  a 
warm  body  in  a  cold  room  soon  falls  to  the  temperature  of  the 
surrounding  objects.  In  either  case,  if  there  is  not  an  active 
cause  of  disturbance,  all  the  objects  in  the  room  will  soon  come 
to  a  thermal  equilibrium,  and  a  thermometer  will  show  that  they 
all  have  the  same  temperature.  If  a  thermometer  indicates  that 
two  bodies  have  the  same  temperature,  no  thermal  change  results 
when  they  are  brought  together ;  but  if  one  is  hotter  than  the 
other,  a  change  begins  at  once,  and  continues  until  both  come 
to  a  common  temperature.  This  change  is  accompanied  by  the 
transfer  from  the  hotter  to  the  colder  body  of  a  inode  of  eriergy 
which  we  call  he(U. 
^  13.  Heat  a  Manifestation  of  Moleoolar  Motion.  —  The  phe- 
V  nomena  of  heat,  like  those  of  gas  tension,  are  supposed  to  be 
merely  manifestations  of  the  motion  of  the  molecules  of  bodies. 
As  the  greater  the  moving  power  of  the  molecules,  the  greater 
the  tension,  so  also  the  more  intense  is  the  sensation  of  heat 
produced.  Since  temperature  is  the  condition  of  matter  which 
produces  this  sensation,  it  follows  that,  the  greater  the  moving 
power  of  the  molecules,  the  higher  the  temperature ;  the  less  the 
moving  power,  the  lower  the  temperature.  Moreover,  since  by 
the  very  definition  all  molecules  at  the  samt  tempercUure  are  in 
the  condition  to  produce  the  same  sensation  of  heat,  we  must 
assume  further  that,  whatever  their  size  or  weight,  they  must  all 
have  at  the  same  temperature  the  same  moving  power.  The 
light  molecule  of  hydrogen  must  move  much  faster  than  the 
heavy  molecule  of  carbonic  anhydride  in  order  to  produce  the 
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same  effect.  If,  now,  we  represent  the  mass  of  any  molecule  by 
m,  and  by  V  its  velocity  at  any  given  temperature,  then  the 
moving  power  will  be  represented  hy  ^mV^  (Chem.  Phys.  42), 
and  this  will  have  the  same  value  for  every  molecule  at  the 
same  temperature.  With  a  few  exceptions,  all  bodies  expand 
with  an  increasing  temperature,  and  in  the  case  of  mercury  the 
change  of  volume  is  so  nearly  proportional  to  the  change  of  tem- 
perature that  we  may  use  the  varying  volume  of  a  confined 
mass  of  this  liquid  as  a  measure  of  temperature.  This  is  the 
simple  theory  of  the  common  mercurial  thermometer,  and  in 
this  book  we  shall  refer  all  temperatures  to  the  degrees  of  the 
centigrade  scale.  These  degrees  are  purely  arbitrary;  but  to 
each  one  corresponds  a  definite  value  of  ^mV\  and,  to  a  lim- 
ited extent,  we  have  been  able  to  connect  our  arbitrary  with  our 
theoretical  measure. 

As  in  any  mass  of  matter,  even  when  in  a  constant  condition 
of  temperature,  there  must  be,  according  to  the  molecular  theory, 
a  never  ceasing  encounter  between  the  numberless  moving  mole- 
cules, we  do  not  suppose  that  all  the  individual  molecules  in  such 
a  body  have  necessarily  the  same  velocity.  As  in  the  collision  of 
billiard  balls,  there  must  be  a  constant  transfer  of  velocity ;  some 
molecules  for  the  moment  coming  to  rest,  while  others  acquire 
a  very  great  speed.  But  so  long  as  no  heat  is  lost  or  gained, 
we  assume  that  the  transfer  of  moving  power  is  limited  to  the 
molecules  of  which  the  body  in  question  consists;  and  hence, 
so  long  as  the  temperature  is  constant,  the  mean  velocity  of  the 
molecules  of  a  body  undergoes  no  change.  When  we  increase 
the  temperature  of  the  body  we  must  increase  this  mean  velocity, 
and  the  total  increase  of  moving  power  thus  acquired  is  the 
legitimate  measure  of  the  amount  of  heat  which  the  body  re- 
ceivea  Therefore,  if  we  represent  by  Fthe  mean  velocity  of  the 
molecules  of  a  body  in  a  given  condition,  then  \mV^  represents 
its  temperature,  and  the  sum  of  the  moving  powers  of  all  the  mole- 
cules, or  2  J  m  V\  the  whole  amount  of  heat  which  it  contains. 

Practically,  however,  we  measure  quantity  of  heat  by  an 
arbitrary  standard,  and  we  shall  use  in  this  book  as  our  unit 
the  amount  of  beat  required  to  raise  the  temperature  of  a  kilo- 
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gramme  of  pure  water  from  0**  to  V  centigrade.  This  we  call  the 
unit  of  heat,  and  it  has  been  found,  by  careful  experiments,  that 
this  unit  of  heat  represents  an  amount  of  moving  power  which 
is  adequate  to  raise  a  weight  of  423  kilogrammes  one  metre,  or 
to  do  any  other  equivalent  amount  of  work. 

14.  Expansion  by  Heat  —  The  amount  of  expansion  which 
bodies  undergo  when  heated  has  been  carefully  measured  for 
many  different  substances,  and  the  results  are  tabulated  in  most 
works  on  physics  (Chem.  Phys.,  Table  XV.).  The  so-called 
coefficient  of  expansion  given  in  these  tables  is  the  small  frac- 
tion of  its  volume,  taken  at  O*'  C,  which  a  body  increases  when 
heated  one  centigrade  degree.  If,  now,  k  represents  this  fraction, 
V  the  initial  volume,  V  the  new  volume,  t  the  initial  tempera- 
ture, and  f  the  new  temperature,  then,  if  we  assume  that  the 
expansion  is  proportional  to  the  temperature,  we  easily  deduce 
the  formula  (Chem.  Phys.  239), 

F'=F[l  +  it(<'-0]-  [7] 

This  formula  serves  to  calculate,  with  sufficient  accuracy  for 
most  purposes,  the  change  of  volume  of  solids,  whose  coeffi- 
cients of  expansion  are  very  small  fractions  and  whose  rates  of 
expansion  are  nearly  uniform.  The  same,  however,  is  not  true 
of  liquids,  whose  rates  of  expansion  frequently  increase  with  the 
temperature  very  rapidly ;  and  for.  such  bodies  we  are  obliged  to 
use  the  following  formula,  which  is  much  less  simple,  but  is 
of  the  general  form  in  which  every  algebraic  function  may  be 
developed :  — 

rf-r(l+At  +  Bt^'\'Ct''  +  etc.).  [8] 

In  this  formula,  V  represents  the  required  volume  at  some 
temperature,  t,  and  V  the  volume  at  0**,  which  is  assumed  to  be 
known ;  while  A,  B,  C,  etc.  are  numerical  constants,  which  have 
been  determined  by  experiment  in  the  case  of  most  liquids 
(Chem.  Phys.  255). 

But  while  every  solid  or  liquid  has  its  own  rate  and  law  of 
expansion,  which  may  be  empirically  expressed  in  the  manner 
we  have  just  described,  it  is  quite  different  with  aeriform  matter. 
All  gases  have  very  nearly  the  same  rate  of  expansion,  and,  more- 
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over^  the  amount  of  expansion  is  always  closely  proportional  to 
the  increase  of  temperature. 

These  relations  would  probably  hold  absolutely  if  all  gases 
exactly  obeyed  Mariotte's  law,  and  realized  the  condition  which 
we  regard  as  that  of  a  perfect  gas.  Sut  as  no  known  aeriform 
substances  are  perfect  gases,  we  can  discover  by  delicate  experi- 
ments slight  differences  in  their  rates  of  expansion.  Still,  except 
in  the  case  of  vapors  near  their  point  of  condensation,  and  in  the 
case  of  a  few  gases,  which  are  very  easily  condensed,  the  differ- 
ences may  be  disregarded  in  all  chemical  problems. 

Both  solids  and  liquids  expand  with  irresistible  force,  and  we 
have  therefore  only  this  one  effect  to  consider  in  regard  to  the 
action  of  heat  upon  them.  It  is  different,  however,  with  gases. 
By  enclosing  a  gas  in  a  tight  vessel  we  can  raise  its  temperature 
without  changing  its  volume,  except  so  far  as  the  vessel  itself 
becomes  enlarged  by  heat.  The  effect  of  the  heat  is,  then,  to 
increase  the  tension  or  pressure  exerted  by  the  gas.  Hence,  in 
the  case  of  a  gas,  we  may  have  two  distinct  effects :  first,  an 
increase  of  volume  when  the  pressure  is  constant ;  secondly,  an 
increase  of  tension  when  the  volume  is  constant 

Studying,  in  the  first  place,  the  last  effect,  we  discover  this  very 
simple  law,  which  holds  for  all  forms  of  aeriform  matter  in  so  far 
as  they  obey  Mariotte's  law.  A  confined  mass  of  gas  under  con- 
stant volume  gains  or  loses  ^f^  of  its  tension  at  0''  C.  for  a  gain 
or  loss  of  temperature  of  one  degree  at  any  point  on  the  centi- 
grade scale.  Assuming  that  we  start  with  a  confined  mass  of  air, 
or  of  any  other  equally  perfect  gas,  having  a  tension  of  273  m.  m. 
at  0^  the  tension  would  increase  or  diminish  exactly  one  milli- 
metre for  a  rise  or  fall  of  temperature  of  one  degree.  At  +273* 
the  tension  would  be  546  m.  m.,  or  just  double ;  and  if  the  law 
holds  to  the  extreme  limits  it  would  be  reduced  to  nothing  at 
—273**.  Although  the  law  has  not  been  verified  for  low  tempera- 
tures except  to  a  very  limited  extent,  it  is  convenient  to  assume 
that  this  point,  where  molecular  motion  theoretically  ceases,  is 
the  absolute  zero  of  the  thermometer  scale.  Bepresenting  then 
by  ^  and  t\ ,  two  absolute  temperatures  obtained  by  simply  add- 
ing 273  to  the  temperatures  expressed  on  the  centigrade  scale, 
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we  obtain  this  simple  expression  of  what  is  known  as  the  law 

of  Charles:  — 

H.W^t^itf^  [9] 

Moreover,  since  on  allowing  the  confined  gas  to  expand  or 
contract  under  the  pressure  of  the  atmosphere  —  assumed  to  be 
constant  —  the  resulting  volume  would  be  directly  as  the  initial 
tension,  we  deduce  by  comparison  with  [4], 

r :  F  =  «o  •  «V  [10] 

Variations  of  temperature  produce  such  important  changes  in 
the  volume  and  specific  gravity  of  all  bodies,  and  especially  of 
gases,  that  it  becomes  frequently  essential,  before  comparing  dif- 
ferent observations,  to  reduce  them  all  to  some  standard  tempera- 
ture. Most  scientific  men  use,  as  this  standard  temperature,  0^ 
centigrade,  and  scientific  measures  are  generally  adjusted  to  this 
standard;  but  60®  Fahrenheit,  corresponding  to  15°.5  centigrade, 
is  often  a  more  convenient  standard,  because  it  is  nearer  the 
mean  temperature  of  the  air,  and  is,  therefore,  not  unfrequently 
employed. 

From  [4]  and  [10]  we  can  deduce  the  following  simple  for- 
mula, by  which  such  reductions  are  easily  made :  — 

F'=f|.^.  [11] 

In  this  expression  the  mass  of  the  gas  is  assumed  to  be  con- 
stant, while  the  volume  varies  with  the  chctnge  of  temperature  or 
pressure.  But  in  the  same  way  we  can  deduce  from  [6]  the 
similar  formula :  — 


W    t 


W'^W^r±,  [12] 

in  which  the  volume  is  assumed  to  be  constant  and  the  mass  to 
vary. 

In  using  these  formulsB  confusion  will  be  avoided  if  the  stu- 
dent asks  himself  in  each  case  whether  the  initial  volume  or 
weight  is  increased  or  lessened  by  the  change  of  temperature 
or  pressure,  and  then  places  in  the  numerator  of  the  fraction 
the  greater  or  the  smaller  of  the  two  temperatures  given,  or  of 
the  two  pressures  given,  as  the  conditions  indicata 
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In  measuring  or  weighing  aeriform  matter  the  ordinary  cases 
with  which  we  have  to  deal  are,  first,  those  in  which  the  vol- 
ume of  a  constant  mass  (for  example,  a  volume  of  gas  con- 
fined in  a  bell  over  a  pneumatic  trough)  varies  with  a  varying 
temperature  or  pressure,  and,  secondly,  those  in  which  the  weight 
of  a  constant  volume  but  changing  mass  (for  example,  the  weight 
of  air  displaced  by  a  glass  globe)  varies  from  the  same  causes. 
In  the  proportion 

we  assume  the  first  of  these  conditions,  and  in 

we  assume  the  second.  By  combining  these  proportions  we  can 
deduce 

an  expression  in  which  either  the  volume  or  the  weight  may  be 
r^rded  as  the  variable,  as  the  case  requires,  and  which  exhibits 
all  the  relations  of  the  several  quantities. 

15.  Change  of  State.  —  Many  substances  are  capable  of 
existing  in  all  the  three  conditions  of  matter.  Now,  we  find 
that  whenever  a  solid  changes  to  a  liquid,  or  a  liquid  to  a  gas, 
heat  is  absorbed ;  and  conversely,  whenever  a  gas  is  liquefied,  or 
a  liquid  becomes  a  solid,  heat  is  evolved ;  although,  as  a  general 
rule,  this  change  of  state  is  accompanied  by  no  change  of  tem- 
perature. Thus,  one  kilogramme  of  ice,  in  melting,  absorbs  79 
units  of  heat,  although  the  temperature  remains  at  0°  during  the 
change ;  and  when,  by  boiling,  a  kilogramme  of  water  is  converted 
into  steam,  imder  the  normal  pressure  of  the  air,  no  less  than  537 
units  of  heat  disappear,  although  the  temperature  both  of  the 
steam  and  of  the  water  is  constant  at  100^  during  the  whole 
period.  On  the  other  hand,  when  the  steam  is  condensed  or 
the  water  frozen,  absolutely  the  same  amount  of  heat  is  set  fi^e 
as  was  before  absorbed.  The  heat  thus  absorbed  or  set  free  is 
generally  called  the  laterU  heat  of  the  liquid  or  gas,  and  in  the 
case  of  many  substances  the  amount  has  been  carefully  meas- 
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ured  (Chem.  Phya  277  and  299).  According  to  the  theory  we 
are  studying,  these  effects  are  the  direct  results  of  the  molecu- 
lar condition  of  matter.  The  change  of  state  must  be  accom- 
panied by  a  change  in  the  relative  position  of  the  molecules,  or 
in  their  mean  distance  from  each  other ;  and  this  change,  in  its 
turn,  must  be  attended  with  a  destruction  or  production  of  the 
moving  power  on  which  the  effects  of  heat  depend  (Chem.  Phys. 
215  Us). 

16.  Sources  of  Heat  —  The  sim  is  the  original  source  of 
almost  aU  the  heat  we  enjoy  on  the  earth,  for  the  effect  of  the 
earth's  internal  heat,  at  its  surface,  is  at  best  very  small,  and 
all  our  artificial  sources  of  heat  have  drawn  their  supply  either 
directly  or  indirectly  from  the  great  central  luminary.  Ac- 
cording to  our  theory,  the  effect  of  the  sun's  rays  is  a  simple 
result  of  the  transfer  of  molecular  motion  from  the  sun  to  the 
earth,  either  by  some  unknown  influence  exerted  from  a  distance, 
or  else  by  an  actual  transfer  of  motion  through  the  material  par- 
ticles of  the  ether  which  js  assumed  to  fill  the  intervening  space. 
The  great  source  of  all  artificial  heat  is  combustion  in  its  many 
forms,  and  this,  as  we  shall  hereafter  see,  is  merely  a  clashing 
together  of  material  molecules,  and  is  necessarily  attended  with 
a  great  development  of  that  moving  power  to  which  we  refer  all 
thermal  effects. 

17.  Speoiflo  Heat  —  The  amount  of  heat  required  to  raise 
to  the  same  extent  the  temperature  of  equal  weights  of  different 
substances  is  by  no  means  the  same.  This  quantity  is  capable  in 
any  case  of  exact  measurement,  and  is  called  the  specific  heat 
of  the  substance.  The  amount  of  heat  required  to  raise  the  tem- 
perature of  one  kilogramme  of  water  one  centigrade  degree  has 
been  assumed  as  the  unit,  and  we  express  the  specific  heat  of 
other  substances  in  terms  of  this  measure.  Moreover,  since  with 
very  few  exceptions  the  specific  heat  of  water  is  greater  than 
that  of  any  substance  known,  the  specific  heat  of  all  other  bodies 
must  be  expressed  by  fractional  numbers.  In  every  case,  unless 
otherwise  stated,  the  numbers  indicate  what  fraction  of  a  unit  of 
heat  would  be  required  to  raise  the  temperature  of  one  kilogramme 
of  the  substance  from  0**  to  1®  centigrade  (Chem.  Phys.  232). 
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18.  Molecnlar  Condition  of  Omm.  —  The  aeriform  state  is 
by  far  the  simplest  condition  of  matter,  and  the  two  peculiari- 
ties in  its  properties  which  we  have  studied  lead  to  important 
conclusions  in  regard  to  its  molecular  conditions.  These  char- 
acteristics are  as  follows:  first,  all  true  gases  obey  the  same 
law  of  compressibility;  secondly,  equal  volumes  of  all  true 
gases  expand  equally  on  the  same  increase  of  temperature 
(§§  12  and  14).  Now,  according  to  the  theory  of  molecular 
mechanics,  these  peculiar  relations  of  the  aeriform  condition  of 
matter  can  only  be  explained  on  the  assumption  that  equal  vol- 
umes of  all  gases  coTUain  the  same  number  of  molecules;  and  this 
important  theoretical  deduction  —  which  is  usually  known  as 
the  law  of  Avogadro  —  lies  at  the  basis  of  our  modem  theories 
of  chemistry.  This  peculiar  molecular  condition,  however,  is 
only  found  in  the  gas,  for  it  is  only  in  this  state  that  the  mole- 
cules are  sufficiently  separated  from  each  other  to  be  freed  from 
the  mutual  action  of  those  molecular  forces  which  give  rise  to 
far  more  complicated  relations  in  both  liquid  and  solid  bodies. 
Moreover,  with  our  ordinary  gases  (in  the  degree  of  condensation 
in  which  they  exist  under  the  pressure  of  the  atmosphere)  the 
molecules  are  not  yet  sufficiently  far  apart  to  be  wholly  freed 
from  the  effects  of  their  mutual  action,  and  hence  the  theo- 
retical condition  is  not  absolutely  fulfilled ;  and  in  vapors,  where 
the  molecules  are  still  closer  together,  the  variation  from  the 
theory  is  sometimes  quite  large.  In  proportion  as  the  gas  ex- 
pands, the  theoretical  condition  is  approached,  and,  when  in  a 
state  of  great  expansion,  equal  volumes  of  all  gases  would  un- 
doubtedly contain  exactly  the  same  number  of  molecules.  It  is 
only  then  that  we  reach  the  condition  of  what  we  have  called 
above  the  perfect  gas,  and  our  criterion  of  this  perfect  state  is, 
that  the  gas  then  obeys  absolutely  the  law  of  Mariotte.  A  very 
important  corollary  foUows  at  once  from  the  principle  we  have 
just  deduced :  — 

The  molecular  weight  of  all  substances  is  directly  proportioned 
to  their  specific  gravities  in  the  state  of  perfect  gas. 

We  have  adopted  in  this  book  hydrogen  gas  as  our  unit  of 
specific  gravity  for  aeriform  substances,  and  were  we  also  to  take 
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the  molecule  of  hydrogen  as  our  unit  of  molecular  weight,  then 
the  number  which  expresses  the  specific  gravity  of  a  gas  would 
express  also  its  molecular  weight  But,  for  reasons  which  will 
appear  hereafter,  we  have  selected  the  half-molecule  of  hydrogen 
as  our  unit,  and  hence  tlie  molecular  weighl  of  any  substafue  in 
terms  of  this  unit  is  always  twice  its  specific  gravity  in  the  stale 
of  gojs.  In  Table  III.  we  have  given,  according  to  the  most 
accurate  experimental  data,  the  Sp.  6r.  (referred  to  hydrogen) 
of  all  the  best-known  gases  and  vapors,  and  in  a  parallel  column 
we  have  also  given  the  half  molecular  weights  of  the  same  sub- 
stances determined  by  chemical  analysis,  in  a  manner  which 
will  be  hereafter  described.  It  will  be  seen  that  the  numbers 
in  the  second  column  are  almost  precisely  the  same  as  those  in 
the  first ;  and  the  slight  differences  which  will  be  noticed  either 
arise  from  the  fact  that  the  vapors,  under  the  conditions  in 
which  alone  their  Sp.  Gr.  can  be  accurately  determined,  are 
not  true  gases,  that  is,  do  not  exactly  obey  Mariotte's  law,  or 
else,  where  the  differences  are  more  considerable,  may  be  re- 
ferred to  a  partial  decomposition  of  the  substance  itself  in  the 
process  of  the  experiment  In  solving  the  problems  of  this  book, 
and  generally  in  most  chemical  problems,  the  half-molecular 
weight  may  be  taken  as  the  true  Sp.  Gr.  The  logarithms  of 
these  values  given  in  the  last  column  of  the  table  will  be  found 
useful  in  this  connection.  Although  only  given  to  four  places 
of  decimals,  they  exceed  in  accuracy  the  experimental  data. 
The  values  in  the  column  of  Sp.  iS^r.  referred  to  air  are  given, 
as  a  rule,  to  one  decimal  place  beyond  the  limit  of  error. 

It  will  perhaps  serve  to  give  greater  definiteness  to  our  concep- 
tions if,  even  at  the  risk  of  coining  a  new  word,  we  call  the  unit 
of  molecular  weights  a  microcrith.  We  have  already  become 
familiar  with  the  crith,  the  weight  of  one  litre  of  hydrogen ;  and 
our  new  unit  of  weight,  the  microcrith,  is  the  weight  of  the  half- 
molecule  of  hydrogen,  and  although  a  unit  of  a  very  different  order 
of  magnitude,  as  its  name  implies,  the  microcrith  is  just  as  real 
a  weight  as  the  crith  or  the  gramme.  Eemembering,  then,  that 
the  weight  of  one  half  of  a  hydrogen  molecule  is  a  microcrith, 
it  is  evident  that  a  molecule  of  hydrogen  gas  weighs  two  micro- 
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criths  (2  m.  a).  The  Sp.  Gr.  of  oxygen  gas  being  16,  the  molecule 
of  oxygen  gas  must  weigh  sixteen  times  as  much  as  the  molecule 
of  hydrogen  gas,  that  is,  it  must  weigh  32  m.  a  In  like  manner, 
the  Sp.  6r.  of  aqueous  vapor  being  9,  and  that  of  alcohol  vapor 
23,  the  molecules  of  water  and  alcohol  must  weigh  18  m.  c.  and 
46  m.  c.  respectively.  According  to  the  estimates  of  the  late  Pro- 
fessor Clerk  Maxwell,  the  microcrith  is33X10'"ofa  granmie. 
This  he  regarded,  however,  as  only  a  very  rough  approximation ; 
and  our  only  object  in  giving  such  a  rude  estimate  in  this  con- 
nection is  to  persuade  the  reader  that  in  the  modem  theory  of 
chemistry  the  microcrith  is  as  real  a  value  as  the  gramme. 
Here,  as  elsewhere  in  science,  we  measure  magnitudes  by  units 
of  the  same  order.  We  can  seldom  determine  with  precision  the 
relation  between  units  of  such  an  utterly  different  order  as  a 
microcrith  and  a  gramme ;  but  chemistry  has  given  us  the  means 
of  determining  the  weight  of  molecules  in  microcriths  with  as 
much  accaracy  as  we  can  determine  the  weight  of  palpable 
objects  in  grammes. 

We  have  said  that  the  half-molecular  weights  of  Table  III. 
were  determined  by  chemical  analysis,  and  it  has  appeared  that, 
however  striking  the  general  agreement,  the  molecular  weights 
thus  determined  seldom  exactly  agree  with  those  deduced  from 
the  specific  gravities  of  the  several  substances  in  the  state  of  gas 
or  vapor.  The  student  cannot  expect,  until  more  advanced,  to 
comprehend  all  the  bearings  of  the  subject,  but  the  following 
considerations  may  make  the  relations  of  these  two  values  more 
intelligible. 

Bemembering  that  the  molecule  is  the  smallest  mass  of  any 
substance  in  which  its  qualities  inhere,  and  therefore  that  in  a 
chemical  process  the  action  must  take  place  between  the  mole- 
cules of  the  substances  involved,  —  one  or  more  molecules  of  one 
substance  reacting  on  a  definite  number  of  molecules  of  each  of 
the  other  substances,  and  yielding  a  definite  number  of  molecules 
of  the  several  products  which  are  formed,  —  it  will  easily  be  seen 
that  the  definite  proportions  which  obtain  in  such  cases  (§  8) 
are  simply  the  relations  between  the  weights  of  the  molecules 
involved  in  the  change.    Now,  in  most  cases,  the  processes  of 
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chemical  analysis  give  us  the  means  of  determining  the  definite 
pioportions  which  obtain  in  any  given  chemical  process  with 
great  precision ;  but  they  do  not  give  ns  the  means  of  discover- 
ing with  equal  certainty  whether  these  definite  proportions  stand 
for  the  relative  weight  of  one  or  of  several  molecules  of  the  sub- 
stances involved.  But  exactly  this  information  the  specific  gravi- 
ties of  the  substances  in  the  condition  of  gas  or  vapor  supply. 
These  we  know  are  to  each  other  as  the  weights  of  single  mole- 
cules, and  although,  for  the  reasons  we  have  referred  to,  this 
relation  is  not  precise,  it  is  near  enough  to  enable  us  to  interpret 
our  more  accurate  analytical  results,  and  to  decide  whether  they 
are  the  proportions  of  single  molecules  or  the  multiples  of  these 
proportions.  Thus,  while  theoretically  the  determination  of 
molecular  weights  is  based  on  the  comparison  of  the  weights  of 
equal  gas  volumes,  practically  this  comparison  only  gives  an 
approximation  to  the  truth,  and  we  depend  on  the  method  of 
chemical  analysis  for  fixing  the  precise  value.  Moreover,  it  is 
evident  that  the  theoretical  method  of  determining  molecular 
weight  is  only  applicable  to  those  substances  which  are  capable 
of  existing  in  the  aeriform  condition.  The  greater  number  of 
chemical  compounds  cannot  be  volatilized  without  decomposi- 
tion. In  all  such  cases  we  must  depend  entirely  on  chemical 
methods  for  fixing  the  molecular  we^ht,  and  sometimes  we  can- 
not be  certain  whether  the  weight  we  assign  to  the  molecule  of  a 
non-volatile  substance  is  the  true  value  or  some  simple  multiple 
of  this  value.  Generally,  however, — as  will  be  shown  here- 
after,—  the  chemical  relations  of  the  substance  give  the  means 
of  deciding  this  question. 

QUESTIONS  AND  PROBLEMS. 

1.  Are  the  qualities  of  a  molecule  of  any  substance  the  same  as 
those  which  distinguish  the  substance  itself? 

2.  What  is  the  distinction  between  cohesion  and  adhesion  1 

3.  When  the  barometer  stands  at  76  c.  m.,  with  what  weight  in 
grammes  is  the  air  pressing  against  each  square  centimetre  of  surface  1 
Sp,  Gr.  of  mercury  13.596.  Ans.  1033. 
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4.  To  what  difference  of  preasuTe  does  a  difference  of  one  centi- 
metre in  the  harometiic  column  ooneepond )       Ana.  13.596  grammes. 

5.  When  a  mercury  barometer  stands  at  76  c.  m.,  how  high  would 
a  water  barometer  stand)  Alao,  how  high  would  barometers  stand 
filled  with  alcohol  or  sulphuric  acid,  disregarding  in  each  case  the  ten- 
sion of  the  vapor)  Sp.  Gr,  of  alcohol  0.81 ;  Sp,  Gr.  of  sulphuric  acid 
1.85.  Ans.  1,033 ;  1,275  and  558.2  c  m. 

6.  A  volume  of  hydrogen  gas  was  found  to  be  200  c.  m.*  The 
height  of  the  barometer  observed  at  the  same  time  was  74  c  m.  What 
would  have  been  the  VQlume  if  observed  when  the  barometer  stood  at 
76  cm.)  Ans.  194.7  cTm:* 

7.  A  volume  of  nitrogen  standing  in  a  bell-glass  over  a  mercury 
pneumatic  trough  measured  250  cTm;*  The  barometer  at  the  time 
stood  at  75.4  c.  m.,  and  the  level  of  the  mercury  in  the  bell  was  found 
by  measurement  to  be  6.5  c.  m.  above  the  surface  of  the  mercury  in 
the  trough.     Eequired  to  reduce  the  volume  to  standard  pressure. 

Ans.  The  pressure  of  the  air  on  the  surface  of  the  mercury  in  the 
trough  (measured  at  75.4  c.  m.)  was  balanced  first  by  the 
column  of  mercury  in  the  bell,  and  secondly  by  the  tension 
of  the  confined  gas.  Hence  the  pressure  to  which  the  gas 
was  exposed  was  equal  to  75.4  —  6.5  =  68.9  c  m.,  and  we 
have  76  :  68.9  =  250  :  a?  =  226.7  cTm? 

8.  What  would  be  the  answer  to  the  same  problem,  had  the  trough 
been  filled  with  water) 

Ans.  The  water  column  in  the  bell  exerts  a  pressure  which  is  as 
much  less  than  the  pressure  of  the  mercury  column  in  the  pre- 
vious problem  as  the  Sp,  Gr,  of  water  is  less  than  the  Sp,  Gr, 
of  mercury.  Hence  we  have  13.6  :  1  =  6.5  :  0.48;  also, 
75.4  -  0.48  =  74.92,  and  76 :  74.92  =  250 :  x  =  246.4  oTm? 

9.  A  closed  vessel,  which  displaces  one  litre  of  air,  is  poised  on  a 
balance  with  weights,  whose  volume  is  inconsiderable  when  compared 
with  that  of  the  vessel.  The  balance  is  in  equilibrium  when  the 
barometer  stands  at  76  c.  m.  If  the  barometer  falls  to  71  c.  m.,  how 
much  weight  must  be  added  to  restore  the  equilibrium )  The  tempersr 
ture  is  assumed  to  be  constant  and  at  0^  C.        Ans.  85  milligrammes. 

10.  Given  the  weight  of  one  litre  of  dry  air  under  the  normal  con- 
ditions as  14.43  criths,  what  will  be  the  weight  of  one  litre  of  dry  air 
at  the  normal  temperature,  but  under  a  pressure  of  72  c.  m. ) 

Ans.  13.68  criths. 
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11.  A  volume  of  gas  measuieB  600  c.  m.*  at  15^ ;  what  will  be  its 
volume  at  303°  1  In  this  and  the  next  three  problems  the  pressure 
is  assumed  to  be  constant  Ana.  1,000  cTml* 

12.  To  what  temperature  must  an  open  vessel  be  heated  before  one 
.quarter  of  the  air  which  it  contains  at  0°  is  driven  out  9        Ana.  91^ 

13.  An  open  vessel  is  heated  to  819°.  What  portion  of  the  air 
which  the  vessel  contained  at  0°  remains  in  it  at  this  temperature  1 

Ans.  ^. 

14.  A  closed  glass  vessel,  which  at  13°  was  filled  with  air  having  a 
tension  of  76  c.  m.,  is  heated  to  585°.  Determine  the  tension  of  the 
heated  air.  Ans.  3  atmospheres. 

15.  Beduce  the  following  volumes  of  gas,  n^asured  at  the  tempera- 
tures and  pressure  annexed,  to  0°  and  76  c.  m. 

1.  140   cTiU:'      ir=57cm.      ^  =  136°.5  Ans.  70  cTm;* 

2.  320   cTm.*      Zr=95c.  m.      ^=    91°  Ans.  300  5^5".* 

3.  480   crnf."      -ff=38c.  m.      <=    68°.25       Ans.  192  cHir.* 

16.  What  is  the  weight  of  dry  air  contained  in  a  glass  globe  of 
640  cTm.*  capacity,  at  the  temperature  546°  and  under  a  pressure  of 
71.25  c.  m.  1  Ans.  0.2586  gramme. 

General  Solution,  —  In  order  to  make  the  solution  general  we  will 
represent  the  capacity  of  the  globe,  the  temperature,  and  the  tension 
of  the  air  by  V,  ty  and  H  respectively.  We  can  also  easily  find  from 
Table  III.  that  one  cubic  centimetre  of  dry  air  weighs  0.01443  crith, 
or  0.001293  gramme,  when  H  =  76  c.  m.  and  t  =  0°.  The  weight 
of  Y  cubic  centimetres  of  diy  air  at  any  other  temperature  and  tension 
is  then  at  once  deduced  from  [13], 

W  =  0.001293|.5^^.V.  [13] 

We  must  next  take  into  consideration  the  change  of  capacity  of  the 
glass  globe  due  to  the  change  of  temperature.  This  causes  no  sensible 
error  when  the  change  of  temperattire  is  small,  but  when  the  change  is 
large  its  effect  must  be  considered.  If  the  capacity  is  V  c.  ul*  at  0°, 
at  i°  it  becomes  V  (1  +  t  0.000025),  at  least  very  nearly  for  ordinary 
glass  [7].  Introducing  this  value  for  Y  into  the  above  equation,  we 
obtain 

W  =  0.001293  ^ .  27^^  V  (1  +  <  0.QP0025).        [14] 


|1&]  QUESnOHB  AHD  PBOBLEHS.  29 

The  oomeponding  weight  of  pnie  diy  hydrogen  gas  maj  also  be 
fonnd  by  the  oame  formula,  only  m  that  case  0.0000896  must  be  sub- 
stitnted  for  0.001293. 

To  facilitate  calculation  by  logarithms,  the  formula  may  be  easily 
brought  into  the  following  form :  — 

For  air  -v 

loff.  W  =  7.6670   I 

For  hydrogen  >+!■«•  H  +  ar.  co.  log.  (273  +  I)  +  log.  V 
log.  W  =  6.5T7  )  +  log.  {1  +  <  0.000026).  [15] 

17.  To  find  the  Sp.  (Qhr.  of  a  vapor  by  Dumaa's  method. 

Solution.  — The  specific  gravity  of  a  vapor  has  been  defined  as  its 
weight  compared  with  the  weight  of  tbe  same  volume  of  hydrogen  gaa 
under  tbe  same  conditions  of  temperature  and  pressure ;  but  practi- 
cally it  is  moat  convenient  to  determine  the  specific  gravity  with 
reference  to  air,  and  subsequently  to  reduce  the  lesult  to  the  hydrogen 
standard. 

To  find,  then,  the  Qp.  ®r.  of  a  vapor,  we  most  ascertain  the  weight 
of  a  known  volume,  V,  at  a  known  temperature,  (,  and  under  a  known 
pressure,  H,  and  divide  this  by  the  weight  of  the  same  volume  of  air 
at  the  same  temperature  and  under  tbe  same  pressure.     The  method 
may  best  be  explained  by  an  example.     Suppose,  then,  that  we  wish 
to  ascertain  the  Sfk  ®r.  of  alcohol  vapor.     We  take  a  light  glass 
globe  having  a  capacity  of  from  400  to  500  c.  m.*,  and  draw  the  neck 
out  in  the  flame  of  a  blast  lamp,  so  as  to 
leave  only  a  fine  opening,  as  shown  in 
the  figure  at  a.     We  then  weigh  the 
globe,  setting  it  on  the  balance  pan  with 
its  mouth  open.      This    gives    ns    the 
weight  of  the  glass,  which  we  will  repre- 
sent by  W.    The  second  step  is  to  ascer- 
tain the  weight  of  the  globe  filled  with 
alcohol  vapor  at  a  known  temperature 
and  nnder  a  known  preeaureL    For  this 
puipoee  we  introduce  into  the  globe  a 

few  grammes  of  pure  alcohol,  and  mount  it  on  the  support  lepresented 
in  the  accompanying  figure.  By  loosening  the  screw,  r,  we  next 
sink  the  balloon  beneath  the  oil  contained  in  the  iron  vessel,  V,  and 
secure  it  in  this  poeition.     We  now  slowly  raise  the  temperature  of 
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the  oil  to  1)etT7een  300^  and  400^,  which  we  observe  by  means  of  the 
thermometer,  T.  The  alcohol  changes  to  vapor,  and  drives  out  the 
air,  which,  with  the  excess  of  vapor,  escapes  at  a.  When  the  bath 
has  attained  the  requisite  temperature,  we  close  the  opening  a>  by 
suddenly  melting  the  end  of  the  tube  at  a  with  a  mouth  blowpipe, 
and  as  nearly  as  possible  at  the  same  moment  observe  the  tempera- 
ture of  the  bath  and  the  height  of  the  barometer.  Let  us  represent 
the  temperature  and  tension  of  the  vapor  at  the  moment  the  globe  was 
sealed  by  t^  and  H'.  We  have  now  in  the  globe  an  amount  of  alcohol 
whose  vapor  just  filled  the  interior  under  these  conditions,  and  since 
the  globe  is  hermetically  sealed,  its  weight  cannot  change,  and  we  can 
therefore  allow  it  to  cool,  clean  it,  and  weigh  it  at  our  leisure.  Evi- 
dently, however,  the  apparent  weight  of  the  glass  and  alcohol  shown 
by  the  balance  is  not  the  true  weight,  because  the  globe  is  buoyed  up 
by  the  air  it  displaces.  The  next  step,  therefore,  is  to  find  the  weight 
of  this  air,  and  in  order  to  do  this  we  must  know  the  volume  of  the 
globe  and  also  the  temperature  and  pressure  of  the  air  in  the  balance 
case  at  the  time  the  weight  was  taken.  This  temperature  t  and  this 
pressure  H  having  been  observed,  to  find  the  volume  of  the  globe 
we  break  off  the  tip  of  the  tube  (a)  under  distilled  water,  which  has 
been  previously  boiled,  and  cooled  in  a  tightly  corked  flask,  in  order 
to  prevent  the  formation  of  air-bubbles;  the  weight  of  the  globe 
filled  with  water  is  next  found  in  grammes  on  a  coarse  balance,  and 
subtracting  from  this  weight  the  known  weight  (W)  of  the  glass,  we 
have,  in  cubic  centimetres,  the  volume  of  the  interior  of  the  globe. 
Bepresent  this  by  V.  Having  now  the  data  Y,  H,  and  t,  we  find 
fix)m  [13]  the  weight  of  the  air  displaced  by  the  globe  less  that  dis- 
placed by  the  glass.  Of  the  last  it  is  not  necessary  to  take  account^ 
as  it  is  to  a  great  extent  compensated  by  the  displacement  of  the 
brass  weights.  If  we  call  the  weight  of  the  displaced  air  W",  then  the 
weight  of  the  alcohol  whose  vapor  filled  the  balloon  at  t!  and  H'  was 
W'  (apparent  weight  of  globe  and  alcohol)  +  W"  (weight  of  air  dis- 
placed) —  W  (weight  of  glass).  It  only  remains  now  to  find  by  [14] 
the  weight  of  an  equal  volume  of  air  at  the  same  temperature  and 
pressure,  taking  into  account,  of  course,  the  increased  volume  of  the 
globe  at  the  high  temperature.  Bepresenting  this  last  weight  by  W% 
we  have  finally, 

ft      HX  W'  +  W"— W 

^.  t©r.  = ^, . 
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Isi  Asoertain  the  0fi.  ®r.  of  alcohol  vapor  from  the  following 
data :  — 


Weight  of  glass  glohe, 

Height  of  harometer, 

Temperatare, 

Weight  of  glohe  and  yapor. 

Height  of  harometer. 

Temperature, 


W 
H 
t 
W' 
H' 
f 
V 


Volume, 
The  calculation  may  take  the  following  form  :  — 


50.804  grammes. 

74.75  centimeties. 
18^ 

50.824  grammes. 

74.76  centimetres. 
167° 
351.5    cubic  centimetres. 


For  W". 

Constant  log.  7.6670 

H  =  74.75  log.  1.8736 

273  +  ^  =  291  ar.  co.  7.5361 

V  =  351.5  log.  2.5459 


w 

0.4194  9.6226 

w 

50.824 

W"  +  W' 

51.2434 

W 

50.804 

W"-i-W'- 

-w 

0.4394 

For  W". 

7.6670 
H'  =  74.76  lo^.  1.8737 
273  -f- «'  =  440  ar.  co.  log.  7.3565 

2.5459 

(1  +  167  X  0.000025)  log.  0.0017 
W'"  log.  9.4448 

(W"  +  W'  -  W)  log.     9.6429 


gp.  ®r.  =  1.578 


0.1981 


2d.  Ascertain  the  0||.  ®r.  of  camphor  vapor  from  the  following 
data :  — 


Weight  of  glass  glohe^  W 

Height  of  barometer,  H 
Tempeiature,  t 

Weight  of  globe  and  vapor,    W' 

Height  of  barometer,  H' 

Temperature,  tf 

Volume,*  V 


50.134  grammes. 

74.2      centimetres. 

13°.5 

50.842  grammes. 

74.2      centimetres. 

244° 

295       cubic  centimetres. 

Ans.  5.372. 


*  On  filling  the  globe  with  water  in  the  manner  above  deecribed,  it  nsnally 
happens  that  a  small  babble  appears,  showing  that  the  air  was  not  completely  ex- 
pelled by  the  vapor.  If  the  volnme  of  this  bubble  is  more  than  one  or  two  cubic 
centimetres,  the  amount  should  be  measured,  and  the  Talne  of  V  diminished 
by  the  Tolume  which  the  bubble  must  have  had  at  the  time  of  sealing  the  globe ; 
for  it  is  evident  that  the  available  volume  of  the  globe  was  lessened  by  this 
amount.  Since  now  we  have  given  f  and  H'  and  can  observe  t  and  H,  —  the 
temperature  and  pressure  at  which  the  small  residual  volume  of  air  is  measured,  — 
we  can  easily  calculate  by  [11]  the  correction  required ;  and  this  must  be  sub- 
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16.  To  find  the  specific  graTity  of  a  vapor  by  Hofinana's  method. 
In  this  method  we  observe  the  volimte  and  tension  of  the  vapor 
which  a  weighed  amount  of  eubetance  fonus  at  a  definite  tempeiatui«. 
It  is  then  easy  to  calculate  by  [14]  the-weight  of  an  equal  volume 
of  air  under  the  game  conditions. 

The  apparatus  consists  of  a  wide  barometer  tube  about  a  metre  long, 
and  graduated   into  cubic 
KB.    This  tube  is 
h  mercury,  and  in- 
ver  a  mercury  cis- 
in  the  experiment 
qUL    The  mercuiy 
ouTse  to  the  height 
1   76   ceutimetres, 
vacuous  space  at 
the  tube.  Around 
meter  tube  is  ad- 
'  means  of  a  rubber 
stopper,  a  some- 
what  larger  tube, 
t  also    of    glass, 
which  serves  as 
a    jacket,     and 
through  this  is  passed  steam  (or  the  vapor  of  a  liquid  boiling  at  a 
higher  temperature  than  water)  in  order  to  heat  the  apparatus  to  a  con- 
stant and  known  temperature.    The  apparatus  having  been  arranged  as 
represented  in  our  figure,  —  with  a  cathetometer  for  measuring  the 
height  of  the  mercury  column  at  its  side,  —  a  few  decigrammes  of  sub- 
stance are  weighed  out  as  accurately  as  possible  in  a  very  small  glass- 
stoppered  bottle,  which  is  then  passed  under  the  mercury  into  the 
barometer  tube.     The  bottle  at  once  rises  into  the  vacuous  space,  when 
the  volatile  substance,  expanding  with  the  heat  and  forcing  out  the 
stopper,  evaporates  into  the  space  above  Hio  mercury,  and  depreeses 
the  column. 

tracted  from  tht  total  eutdc  contents  of  the  globs  to  ohtdn  the  value  of  7  which 
la  to  be  used  in  t}ie  abore  cftlcuUtiODB.  The  coTrection,  howerer,  U  somewhat 
uncertain,  tud  ihonld  be  avoided  u  iar  u  poesible  by  adapting  tha  siie  of  the 
globe  to  the  quantity  of  liquid  which  ia  available  for  the  detemunation,  and 
avoiding  any  fluctuation*  in  the  temperatoie  of  the  bath  by  which  air  might  be 
drawn  back  into  tha  globe. 
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We  have  now  a  known  weight  of  vapor  at  a  known  temperatUTe,  and 
we  at  once  read  off  the  volume  by  means  of  the  graduations  on  the 
barometer  tube.  It  remains  only  to  find  its  tension;  and  since  this  ten- 
sion, added  to  the  pressure  of  the  column  of  mercuiy  in  the  barometer 
tube  of  the  apparatus,  evidently  balances  the  pressure  of  the  atmosphere, 
the  value  required  can  be  easily  calculated  when  we  know  the  height 
of  the  mercury  column. 

This  height  is  now  measured  with  the  cathetometer,  and,  after  re- 
ducing it  to  0°y*  we  subtract  the  amount  from  the  height  of  a  neigh- 
boring barometer  reduced  in  a  similar  way. 

We  know  now,  besides  the  weight,  W,  and  the  volume,  V,  of  the 
vapor,  also  its  temperature,  t,  and  its  tension,  H,  and  wo  can  calculate 
by  [14]  the  weight  of  an  equal  volume  of  air  under  the  same  con- 
ditions. 

If  we  call  this  weight  W',  we  have 

flu*  ®t.  =  w  -5-  w^ 

19.  Sequired  the  Qp.  (St*  of  common  ether  when  in  Hofmann's 
method  the  tube  is  heated  with  free  steam.  W  s=  0.2298  gramme. 
V  =  125c:m:«    Ho  =  76.    h^^l9. 

Scluiian,  —  Constant  log.  7.6670 

Hp  -  A,  =  57  log.  1.7559 

273  +  ^  =  373  ar.  co.  log.  7.4283 

V=  126  log.       '  2.0969 

(1  +  100  X  0.000026)  log.  0.0008 

8.9489 
W  =  0.2300  log.  9.3617 

Ans.   0JJ,  ®r.  =  2.587  0.4128 

20.  Required  the  0p.  (St,  of  chloroform  vapor,  when,  as  in  last 
example,  t  =  100**  and  also  W  =  0.2500  gramme.  V  =  110  cTin.' 
Ho  =  76.62.    Ao  =  32.25.  Ans,  Bp.  ®r.  =  4.20. 

•  This  rednction  is  calculated  by  means  of  the  formula  Hq  a=  H  —  H  ^  ,  and 
the  last  term  is  the  correction  which  must  he  snbtrected  from  the  observ^  height 
In  order  to  redace  the  observations  to  0^  that  is,  to  find  the  height  which  tiie  ool* 
amn  would  have  had  if  the  temperature  of  the  mercury  alone  had  been  zero.  The 
principles  involved  are  explained  in  Chem.  Phys.  (251),  and  in  the  same  work  a 
table  is  given  from  which  the  correction  for  the  barometer  may  be  obtained  by  in- 
spection.   It  is  assumed  that  the  heights  of  the  barometer  given  above  have  been 

corrected  in  this  way. 

S 
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21.  Find  the  0||.  (3v.  of  acetic  acid  vapor,  using  in  Hofmann's 
method  the  vapor  of  boiling  aniline,  B.  P.  =  182^,  to  heat  the  tube. 
W  =  0.1260  gramme.    V=157crin7    Ho  =  76.80.    A^,  =  39.60. 

Ans.    Sp.  ®r.  =  2.086. 

22.  To  find  the  0ji.  ®r.  of  a  vapor  by  the  method  of  Victor  Meyer. 
If  a  known  amount  of  some  volatile  substance  is  suddenly  dipped 

into  an  appropriate  vessel,  heated  to  a  constant  temperature,  which  is 
sufficiently  high  to  convert  the  substance  into  the  aeriform  condition, 
it  is  obvious  that  the  substance  in  volatilizing  will  expel  from  the 
vessel  a  quantity  of  air  which  must  be  the  exact  equivalent  of  the  vol- 
ume of  vapor  formed ;  that  is,  an  amount  of  air  which  at  the  unknown 
temperature  and  pressure  in  the  vessel  would  just  fill  the  space  of  the 
vapor.  Hence,  then,  the  0]].  Or*  of  the  vapor  is  the  known  weight  of 
the  material  used,  divided  by  the  weight  of  the  air  expelled.  The 
problem  is  thus  reduced  to  finding  the  weight  of  the  air  expelled,  and 
is  wholly  independent  of  the  temperature  and  volume  of  the  vessel, 
which  may  remain  unknown  quantities.  We  have  only  to  collect  the 
air  over  a  common  water  pneumatic  trough,  and  measure  its  volume 
under  the  conditions  of  temperature  and  pressure  in  the  laboratory  at 
the  time,  and  from  these  data  we  can  eajsily  calculate  the  weight  re- 
quired ;  or  if  the  material  under  examination  is  liable  to  oxidation,  the 
vessel  may  be  previously  filled  with  nitrogen  or  some  other  inert  gas, 
since  the  volume  of  such  gas  will  be  the  same  as  the  volume  of  the 
air  under  the  same  circumstances. 

The  apparatus  that  may  be  used  in  most  cases  is  represented  in  the 
accompanying  figure,  which  is  drawn  to  scale.  The  bulb,  6,  has  a  capa- 
city of  about  100  c.  m.*  and  is  about  20  c.  m.  long,  and  the  glass  tube 
to  which  it  is  attached  is  about  60  c.  m.  long  and  6  m.  m.  wide.  The 
upper  end  of  this  tube  is  closed  by  a  rubber  stopper,  while  to  its  side 
is  united  the  very  narrow  tube  a,  which  conducts  the  expelled  air  to  a 
pneumatic  trough.  By  means  of  a  wire  guard  the  bulb  is  prevented 
from  touching  the  sides  of  the  iron  bath  in  which  it  is  heated,  and  a 
small  amount  of  asbestos  at  the  bottom  of  the  bulb  serves  to  break  the 
tall  of  the  small  weighing  tube,  holding  the  weighed  substance,  which 
is  dropped  in  at  d.  The  iron  bath  is  made  of  a  short  piece  of  two-inch 
gas-pipe,  closed  by  welding  at  the  bottom,  and  supported  on  a  tripod  of 
such  height  that,  while  the  tripod  stands  on  the  floor,  the  pneumatic 
trough  m.ay  rest  on  a  table  of  medium  height.  In  the  bath  may  be 
used  paraffine  or  a  molten  metal  as  circumstances  require,  and  its  tern- 
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pentnre  is  maintained  by  gas-burners  more  ot  less  powerful  accotding 
to  the  temperature  leqniied.    In  some  later  experimenta  Meyer  uaed  a 
porcelain  vessel  heated  in  the  muffle  of  a  gas  fur^ 
nace  to  a  temperature  between  the  melting-points 
of  cast-iron  and  ateeL 

After  the  bath  has  been  heated  to  the  degree 
required,  and  its  temperature  has  become  constant 
(a  condition  which  is  indicated  by  the  fact  that 
bubbles  of  gas  cease  to  escape  tiom  the  open 
mouth  of  the  tube,  while  at  the  same  time  there 
is  no  tendency  in  the  water  to  recede),  the  neces- 
sary observations  are  made  in  a  very  simple  way. 
The  stopper  at  (^  is  removed,  and  the  tube  con- 
taining the  weighed  substance  *  dropped  in,  when 
instently  the  stopper  is  replaced.  The  few  bub- 
blea  of  air  displaced  by  the  stopper  ate  of  coune 
neglected,  but  the  air,  which  soon  begins  te  stream 
over  in  consequence  of  the  volatilization  of  the 
material  introduced,  is  collected  over  water  in  an 
ordinary  graduated  tube.  The  experiment  is  soon 
finished,  and  the  stopper  d  must  then  be  removed 
to  prevent  any  recession  of  the  water. 

It  remains  only  to  measure  the  volume  of  the 
air  in  the  graduated  tube  with  the  usual  precau- 
tions. For  this  purpose  the  tube  is  transferred  to 
a  cylindrical  glass  vessel  of  water,  and  held  by  a 
clamp  in  a  vertical  position,  so  that  the  water  is 
at  the  same  level  within  and  without  the  tube; 
and,  as  soon  as  an  equilibrium  of  temperature  is 
attained,  we  observe,  1.  the  volume  of  the  air,  2. 
temperature  of  the  air  (necesearily  the  same  as  that 
of  the  water  confining  it),  and  3.  the  height  of  a 
neighboring  barometer.  We  have  now  V,  H,  and 
t,  from  which  we  easily  calculate  by  [13]  the  cor.  . 
responding  weight  of  the  expelled  tdr.  But  in 
making  this  calculation  we  must  nmember  that  the  air  whan  meas- 
ured is  saturated  with  moisture,  and  therefore  that,  in  order  to  find 

•  Tba  smoDDt  of  ntMonoe  fatken  (haiild  not  more  than  half  fill  the  TEsael  b 
with  vapor. 
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the  trae  tension  of  the  confined  air,  we  mnst  subtract  from  the  re- 
duced height  of  the  barometer  the  mtueimwin  teMvm  of  the  yapor  of 
water  at  the  temperature  t  (Chem.  Fhys.  312).  Representing  by  h 
this  tension  (which  is  to  be  taken  from  tables  found  not  only  at  loc 
cit.,  but  also  in  all  works  on  meteorology),  and  substituting  for  H  in 
[13]  the  value  H  —  A^  we  obtain  for  the  weight  of  the  displaced  air, 

W  =  0.001293  5jZ±.-^^V, 
or 

log.  W  =  7.6670  +  log.  (H  —  A)  +  ai.  co.  log.  (273  +  t)  +  log.  V, 

and 

log.  0|l.  ®r.  =  log.  W  —  log.  W  =  2.3330  +  ar.  co.  log.  (H  —  h) 
+  log.  (273  +  0  +  «"•  00.  log.  V  +  bg.  W. 

23.  Find  the  0p,  (St.  of  carbonic  disulphide  Tapor  by  Meyer^s 
method  (taken  in  steam  bath). 

W  =  0.0495        <**  =  16.6        H  =  71.78        V=16.4 
A  =  1.40  Ans.   2.67. 

24.  Find  the  0p«  ®r.  of  the  yapor  of  axsenious  oxide  (taken  at 
temperature  of  molten  cast-iron). 

W  =  0.0130        <**  =  15.4        H  =  72.38        V  =  17.8 
A  =  1.30  Ans.   0.64. 

25.  Find  the  0{i.  (&t.  of  zyld  vapor  in  a  bath  oi  yapor  of 
aniline. 

W  =  0.0715        e  =  l6        H  =  72.38        V  =  16.5 
A  =  1.35  Ans.   3.79. 

26.  Find  the  0||.  ®r*  of  iodine  yiq>or  (taken  in  a  bath  of  the  yapor 
of  amylene  benzoate). 

W=  0.1157        e^  =  16.1        H  =  72.23        V  =  11.6 
A  =  1.36  Ans.   8.75. 

27.  Find  the  Of.  (9hp,  of  mercury  vapor  (taken  in  bath  of  molten 
lead). 

W  =  0.0905        e^ie        H  =  71.58        V  =  11.5 
A  =1.35  Ans.  6.97. 
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28.  Fmd  the  Bp.  (St.  of  sulplmr  vapor  (taken  in  a  bath  of  molten 
lead). 

W  =  0.1030        <**  =  16        H  =  71.38        V  =  13.9 
A  rs  1.35  Ans..  6.58. 

29.  Find  the  0p,  (9r*  of  sulphur  vapor  (taken  in  the  muffle  of  a 
gae-fnmace  at  temperature  above  that  of  molten  cast-iron). 

W=:  0.0267        <*^  =  16.6        H  =  72.28        V  =  10.8 
A  =1.40  Ans.    2.17. 

30.  Find  the  0p,  ®r.  of  the  vapor  of  arsenious  oxide  (taken  at 
temperature  of  molten  cast-iron). 

W  =  0.1683        ^°  =  15        H  =  71.78        V=10.1 
A  =  1.27  Ans.    13.78. 

31.  It  is  known  that  1  part  of  hydrogen  gas  combines  with  8  parts 
of  oxygen  gas  to  form  9  parts  of  water ;  that  1  part  of  hydrogen  gas 
combines  with  35.5  parts  of  chlorine  gas  to  form  36.5  parts  of  hydro- 
chloric acid  gas ;  that  36.5  parts  of  hydrochloric  acid  gas  combine  with 
17  parts  of  ammonia  gas  to  form  53.5  parts  of  ammonic  chloride ;  that 
14  parts  of  defiant  gas  combine  with  35.5  parts  of  chlorine  gas  to  form 
49.5  parts  of  ethylene  chloride ;  that  147.5  parts  of  chloral  combine 
with  18  parts  of  water  to  form  165.5  parts  of  chloral  hydrate.  Com- 
pare these  experimental  results  with  the  gas  or  vapor  densities  of  the 
same  substances,  and  show  that  from  these  data  the  exact  molecular 
weights  of  the  several  substances  may  be  deduced.  In  making  com- 
parison use  Table  IIL 

Note.  —  We  have  not  dwelt  in  this  chapter  on  the  correction  of  gas  Tolomea 
for  the  tension  of  aqueous  vapor,  because  a  discussion  of  the  principle  involved  does 
not  come  within  the  scope  of  our  work.  This  correction  becomes  of  great  impor- 
tance^  however,  when  a  gas  volume  is  measured  over  water  ;  and  it  is  essential  for 
accuracy  that  a  volume  of  gas  to  be  measured  should  either  be  perfectly  dry  or  else 
saturated  with  vapor.  If  dry,  no  correction  is  required ;  but  if  saturated  with 
vapor  (as  the  gas  will  be  if  it  stands  for  a  few  minutes  in  contact  with  water),  the 
temperature  must  be  carefully  observed,  sad  the  maximvm  temion  of  aqueous 
vapor  at  the  given  temperature  subtracted  from  the  observed  tension  to  find  the 
true  tension  of  the  gas.  Tables  giving  the  maximnm  tension  of  aqueous  vapor  at 
different  temperatures  will  be  found  in  the  author's  work  on  Chemical  Physics, 
and  in  that  book  (g  829)  this  whole  subject  is  fully  discussed. 
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ATOMS. 


19.  Definition.  —  As  has  been  already  stated,  the  molecular 
theory  assumes  that  so  long  as  the  identity  of  a  substance  is 
preserved  its  molecules  remain  undivided ;  but  when,  by  some 
chemical  change,  its  identity  is  lost,  and  new  substances  are 
formed,  the  theory  supposes  that  the  molecules  themselves  are 
broken  up  into  still  smaller  particles,  which  it  calls  atoTns, 
Indeed,  it  regards  this  division  of  the  molecules  as  the  very 
essence  of  a  chemical  change. 

The  word  "atom"  is  derived  from  a  (privative)  and  T€/ij/»  (I  cut), 
and  recalls  a  famous  controversy  in  regard  to  the  infinite  divisi- 
bility of  matter,  which  for  many  centuries  divided  the  philoso- 
phers of  the  world.  But  chemistry  does  not  deal  with  this 
metaphysical  question.  It  asserts  nothing  in  r^ard  to  the  pos- 
sible divisibility  of  matter ;  but  its  modem  theories  claim  that, 
practically,  this  division  is  not  carried  beyond  a  limited  extent, 
and  that  we  then  reach  particles  which  cannot  be  further  divided 
by  any  chemical  process  now  known.  These  are  the  chemical 
atoms,  and  the  atom  is  simply  the  unit  of  the  chemist,  just  as 
the  molecule  is  the  unit  of  the  physicist,  or  the  stars  are  the 
units  of  the  astronomer.  The  molecule  is  a  group  of  atoms,  and 
is  a  unit  in  the  microcosm  of  which  it  is  a  part,  in  the  same 
sense  that  the  solar  system  is  a  unit  in  the  great  stellar  universe. 
The  molecule  has  been  defined  as  the  smallest  particle  of  any 
substance  which  can  exist  by  itself,  and  the  atom  may  be  now 
defined  as  ike  smallest  mass  of  an  element  thai  exists  in  any 
molecule. 

When  a  molecule  breaks  up,  it  is  not  supposed  that  the  atoms 
fall  apart,  like  grains  of  sand,  but  simply  that  they  arrange 
themselves  in  new  groups,  and  thus  give  rise  to  the  formation 
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of  new  substances.  Indeed,  as  a  role,  the  atoms  cannot  exist  in 
a  free  state,  and  with  few  exceptions  every  molecule  consists  of 
at  least  two  atoms.  This  is  true,  even  of  the  chemical  elements. 
The  difference  between  the  molecules  of  an  elementary  substance 
and  those  of  a  compound  is  merely  this,  that,  while  the  fiist  are 
formed  by  the  union  of  atoms  of  the  same  kind,  the  last  com- 
prise atoms  of  different  kinds.  The  molecules  of  oxygen  gas 
are  atomic  aggr^ates  as  well  as  those  of  water,  only  the  mole- 
cules of  oxygen  consist  of  oxygen  atoms  alone,  while  the  mole- 
cules of  water  contain  both  oxygen  and  hydrogen  atoms.  Such  at 
least  is  the  constitution  of  most  elementary  substances.  Never- 
theless, in  the  case  of  mercury,  zinc,  cadmium,  and  some  other 
metallic  elements,  the  molecule  consists  of  but  one  atom,  or,  in 
other  words,  in  these  cases  the  molecule  and  the  atom  are  the 
same. 

20.  Atomic  Weights.  —  There  must  be  evidently  as  many 
kinds  of  atoms  as  there  are  elementary  substances ;  and,  since 
these  substances  always  unite  in  definite  proportions,  it  must  be 
also  true  that  the  elementary  atoms  have  definite  weights.  This 
once  assumed,  the  law  of  multiple  proportions,  as  well  as  that  of 
definite  proportions,  becomes  an  essential  part  of  our  atomic 
theory;  for,  since  the  atoms  are  by  definition  indivisible,  the 
elements  can  only  combine  atom  by  atom,  and  must  therefore 
unite  either  in  the  proportion  of  the  atomic  weights  or  in  some 
simple  multiples  of  this  proportion.  We  have  no  positive  knowl- 
edge as  to  the  absolute  weights  of  atoms ;  but,  after  we  have 
determined,  from  considerations  hereafter  to  be  discussed,  what 
must  be  the  number  of  atoms  of  each  kind  in  one  molecule  of 
any  substance,  we  can  easily  calculate  their  relative  weights 
from  the  results  of  analysis.  A  few  examples  will  make  the 
method  plain. 

1st  The  analysis  of  water,  given  on  page  9,  proves  that  in  100 
parts  it  contains  11.112  parts  of  hydrogen  and  88.888  parts  of 
oxygen.  Every  molecule  of  water,  then,  must  contain  these  two 
elements  in  just  these  proportions.  Now  we  have  good  reason 
for  believing  that  each  molecule  of  water  is  a  group  of  three 
atoms,  —  two  of  hydrogen  and  one  of  oxygen.     Then,  since 
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}  (11.112)  :  88.888  =  1 :  16,  it  follows  that  the  oxygen  atom 
must  weigh  16  times  as  much  as  the  hydrogen  atom ;  and,  if 
we  make  the  hydrogen  atom  the  unit  of  our  atomic  weight, 
then  the  weight  of  the  oxygen  atom,  estimated  in  these  units, 
must  be  16. 

2d.  The  analysis  of  hydrochloric  acid  gas  proves  that  it 
contains  in  100  parts  2.74  parts  of  hydrogen  and  97.26  of 
chlorine.  Moreover,  we  have  reason  to  believe  that  each  mole- 
cule of  the  acid  is  a  group  of  two  atoms,  —  one  of  hydrogen 
and  one  of  chlorine.  Hence  the  atom  of  chlorine  must  weigh 
35.5  times  as  much  as  that  of  hydrogen.  Its  atomic  weight 
is  then  35.5. 

3d.  The  analysis  of  common  salt  (page  9)  proves  that  it  con- 
tains in  100  parts  60.68  parts  of  chlorine  and  39.32  parts  of 
sodium,  and  we  believe  that  each  molecule  of  salt  is  a  group 
of  two  atoms,  one  of  chlorine  and  one  of  sodium.  Then,  since 
60.68  :  39.32  :=  35.5  :  23,  it  follows  that  the  atomic  weight  of 
sodium  is  23.  In  like  manner  the  atomic  weights  of  all  the 
chemical  elements  have  been  determined,  and  the  numbers  are 
given  in  Table  IL  These  numbers  are  the  fundamental  data 
of  chemical  science,  and  the  basis  of  almost  all  the  numerical 
calculations  which  the  chemist  has  to  make.  The  elements  of 
a  compound  body  are  always  united  either  in  the  proportions, 
by  weight,  expressed  by  these  numbers,  or  else  in  some  simple 
Qiultiples  of  these  proportions ;  and  whenever,  by  the  breaking 
up  of  a  complex  compound,  or  by  the  mutual  action  of  difiPerent 
substances  on  each  other,  the  elements  rearrange  themselves, 
and  new  compounds  are  formed,  the  same  numerical  proportions 
are  always  preserved: 

The  atomic  weights  evidently  rest  on  two  distinct  kinds  of 
data :  ^rs^,  on  the  results  of  chemical  analysis,  which  are  facts 
of  observation,  and  in  regard  to  which  the  only  question  can  be 
as  to  their  greater  or  less  accuracy ;  secondly,  on  our  conclusions 
in  regard  to  the  number  of  atoms  in  each  molecule  of  the  sub- 
stance analyzed.  This  conclusion  again  is  based  chiefly  on  two 
classes  of  facts,  whose  bearing  on  the  subject  we  must  briefly 
consider. 
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In  the  first  place,  we  carefully  compare  together  all  the 
compounds  of  the  element  we  are  studying,  with  the  view  of 
discovering  the  smallest  weight  of  it  which  enters  intx)  the  com- 
position of  any  known  molecule ;  for  this  must  evidently  be  the 
atomic  weight  of  the  element  An  example  will  make  the  course 
of  reasoning  intelligibla 

In  the  table  on  the  next  page  we  give  a  list  of  a  number  of  the 
most  important  compounds  containing  hydrogen,  all  of  which 
either  are  gases,  or  can  easily  be  changed  into  vapor  by  heat, 
80  that  their  specific  gravities  with  reference  to  hydrogen  gas 
can  be  readily  determined  in  the  aeriibrm  state.  From  these 
specific  gravities  we  leam  the  weights  of  the  molecules  (§  18). 
The  molecular  weights,  however,  which  are  given  in  the  third 
column  of  our  table,  are  not  in  all  cases  exactly  the  values 
which  would  be  obtained  by  doubling  the  gas  or  vapor  densities 
referred  to  hydrogen  gas ;  but  they  are  these  values  corrected  by 
the  results  of  chemical  analysis,  that  is,  by  our  knowledge  of  the 
exact  proportions  in  which  the  substances  are  known  to  unite  or 
to  react  on  each  other.  (Compare  §  18  and  your  answers  to  prob- 
lem 31  of  last  chapter.)  In  the  fourth  column  we  have  given 
the  weight  of  hydrogen  contained  in  each  of  the  molecules, 
weights  which  have  in  every  case  been  calculated  from  the  re- 
sults of  actual  analysis ;  and  it  is  obvious  that,  if  we  know  the 
per  cent  of  hydrogen  in  any  substance,  we  can  easily  find  the 
amount  of  this  element  in  a  single  molecule  of  the  substance 
when  the  weight  of  the  molecule  is  given. 

Assuming  now,  as  in  §  18,  that  a  molecule  of  hydrogen  gas 
weighs  2,  it  appears  that  the  smallest  mass  of  hydrogen  which 
the  molecule  of  any  known  substance  contains,  weighs  just  one 
half  as  much,  or  1.  We  infer,  therefore,  that  this  mass  of  hy- 
drogen cannot  be  divided  by  any  chemical  means,  or,  in  other 
words,  that  it  is  the  hydrogen  atom.  The  molecule  of  hydrogen 
gas  contains  then  two  hydrogen  atoms,  and  this  atom  is  the 
unit  to  which  we  refer  all  molecular  and  atomic  weights. 

If  now,  in  like  manner,  we  bring  into  comparison  all  the  vol- 
atile compounds  of  oxygen  ajs  in  the  second  table,  we  shall  find 
that  the  smallest  mass  of  oxygen  which  exists  in  the  molecule 
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ATOMIC  WEIGHT  OF  HYDBOGEN. 


CompoimcU  of  Hjdrogvn. 

Obterred 
8|».Qr. 

Weiipltt  of 
Xolecnle. 

Weight  of 
Hydrogen  in 

MftllWrTllf. 

Hydrochloric  acid 

18.82 
89.10 
64.12 
18.67 

9.00 
17.19 
40.88 

8.58 
17.09 
88.90 
80.07 
14.11 

8.05 
28.28 
87.82 

1.00 

m.  c. 
86.5 
81. 
128. 
27. 
18. 
84. 
81.5 
17. 
84. 
78. 
60. 
28. 
16. 
46. 
74. 

2. 

m.  0. 

1 

1 
1 
1 
2 
2 
2 
8 
8 
8 
4 
4 
4 
6 
10 

2 

Hydrobromic  acid 

Hydriodic  acid 

Hydrocyanic  acid 

Water 

Hydric  sulphide 

Hydric  aelenide 

Ammonia  gas 

Hydric  phosphide 

Hydric  arsenide 

Acetic  acid. 

Olefiantf  gas . . , . .  . 

Marsh  eas 

A1r>nhnl  ................ 

Ether 

HvdroiFen  flas 

*  J  "^o        O^ 

of  any  known  substance  weighs  16,  —  the  atom  of  hydrogen 
weighing  1,  —  and  hence  we  infer  that  this  mass  of  oxygen  is 
the  oxygen  atom.  It  appears  also  that  a  molecule  of  oxygen 
gas,  like  a  molecule  of  hydrogen  gas,  is  formed  by  the  union  of 
two  atoms. 

A  similar  comparison  of  the  compounds  of  chlorine  given  in 
the  third  table  shows  that,  while  the  molecules  of  chlorine  gas 
weigh  71  microcriths,  the  atom  weighs  just  one  half  as  much 
(35.5  m.  c),  so  that  here  again  the  molecule  consists  of  two 
atoms. 

Lastly,  the  fourth  table  presents  a  comparison  of  some  of  the 
volatile  compounds  of  carbon.  This  table  might  be  very  greatly 
extended,  and  with  the  same  general  results,  namely,  a  repetition 
of  12  or  of  a  midtiple  of  12  microcriths  of  carbon  in  every  mole- 
cule of  any  carbon  compound. 

When  now  we  remember  that  the  numbers  given  in  these 
tables  are  based  on  experimental  results,  it  is  difficult  to  re- 
sist the  conclusion  that  the  12  microcriths  of  carbon,  the  35.5 
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Compooiids  of  Ozygan. 


Water 

Carbonic  oxide 

Nitric  oxide 

Alcohol 

Ether 

Carbonic  dioxide ... 

Nitric  dioxide. 

Sulphurous  dioxide 

Acetic  add. 

Sulphuric  trioxide.. 

Methylic  borate 

Ethylic  borate 

Ethylic  silicate 

Osmic  tetroxide  . . . . 

Oxygen  gas 


ObMrved 
Sp.Gr. 


9.00 
18.95 
14.97 
23.28 
87.82 
22.06 
24.82 
82.24 
80.07 
89.87 
61.80 
74.20 
105.60 
128.30 

15.95 


W«l|^iof 
Moleoola. 


m.  0. 

18. 

28. 

80. 

46. 

74. 

44. 

46. 

64. 

60. 

80. 
104. 
146. 
208. 
263.2 

82. 


Weight  of 
Oxygon  in 
Molecala. 


m.  e. 
16 
16 
16 
16 
16 
82 
82 
82 
48 
48 
48 
48 
64 
64 

82 


microcritbs  of  chlorine,  the  16  microcriths  of  oxygen,  and  the 
1  micTocrith  of  hydrogen,  which  in  these  several  classes  of  com- 
pounds reappear  with  so  much  constancy,  are  the  weights  of 
definite  masses  of  matter.  These  masses  are  the  atoms  of  our 
chemical  pliilosophy.  It  will  be  noticed  that,  in  each  case  the 
atom  is  the  smallest  mass  of  an  element  that  exists  in  any  mole- 
cule, and  hence  that  this  method  of  determining  its  value  accords 
completely  with  the  definition  in  §  19.  The  same  method  can 
be  extended  to  a  lai^e  number  of  the  chemical  elements,  and  the 
conclusions  to  which  it  leads  are  evidently  legitimate,  and  ccmnot 
be  set  aside,  until  it  can  be  shown  that  some  substance  exists 
whose  molecule  contains  a  smaller  mass  of  any  element  than  that 
hitherto  assumed  as  the  atomic  weight,  or,  in  other  words,  until 
the  old  atom  has  been  divided. 

The  second  ■  class  of  facts  on  which  we  rely  for  determining 
the  number  of  atoms  in  a  given  molecule  is  based  on  the  specific 
heat  of  the  elements  (compare  §  17).  Excepting  only  a  few 
anomalies,  it  is  certainly  approximately  true,  and  it  is  probably 
absolutely  true  that  the  specific  heat  of  all  the  atoms  is  the  same. 
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ATOIOO  WEIGHT  OF  CHLORINE. 


Oompoaxidi  of  Ghlozliift. 

ObMired 
8]i.Qr. 

Weight  ot 
MoiecalB. 

Weight  of 

Ghloriiie  in 

Molecule. 

• 
Hydrochloric  acid. 

18.32 
41.42 
82.02 
49.06 

79.40 

90.90 

66.85 

68.44 

78.14 

84.00 

85.72 

184.70 

138.60 

134.80 

117.70 

35.22 

m.0. 
36.5 

78.5 

64.5 

99. 

95. 
155.2 
181.5 
117.5 
137.5 
154. 
166. 
170. 
359.4 
271.4 
267.8 
237. 

71. 

m.  c. 

35.5 

85.5 

85.5 

71. 

71. 

71. 

106.5 

106.5 

106.5 

142. 

142. 

142. 

177.5 

177.5 

213. 

213. 

71. 

Acetvlic  chloride i,.. 

Ethylic  chloride 

Phosflene  eas 

Dicarbonic  dichloride 

Chromic  oxvcblonde. . .. . ......... 

AraeniouB  chloride 

Boric  chloride 

PhosphorouB  chloride 

Carbonic  tetrachloride 

Dicarbonic  tetrachloride 

Silicic  chloride 

Tantalic  chloride 

Columbic  chloride.... 

AIuTninic  chloride 

Dicarbonic  hexachloride 

Chlorine  gas 

or,  in  other  words,  that  the  same  quantity  of  heat  will  raise  the 
temperature  of  an  atom  of  mercury  or  of  an  atom  of  hydrogen 
one  degree,  although  the  weight  of  the  first  is  two  hundred  times 
greater  than  that  of  the  last  If  this  is  true,  we  might  expect 
that  equal  amounts  of  heat  would  raise  to  the  same  extent  the 
temperatures  of  such  quantities  of  the  various  elementary  sub- 
stances as  contain  the  same  number  of  atoms,  provided,  of  course, 
that  these  atomic  aggregates  are  compared  under  the  same  condi- 
tions. Now  we  can  determine  accurately  the  number  of  units  of 
heat  required  to  raise  the  temperature  of  equal  weights  of  the 
elementary  substances  one  degree,  and  the  results,  which  we  call 
the  specific  heat  of  the  elements,  are  given  in  works  on  physics 
(Chem.  Phys.  232).  Evidently,  if  our  principle  is  true,  these 
values  must  be  proportional  in  every  case  to  the  number  of  atoms 
of  each  element  contained  in  the  equal  weights  compared.  Rep- 
resenting then  by  S  and  S'  the  specific  heat  of  two  elementary 
substances,  by  m  and  m'  the  weights  of  the  corresponding  atoms> 
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ATOMIC  WEIGHT  OF  CAKBON. 


CompoandB  of  Carbon. 

ObMrnad 

Bp-Or. 

Weight  of 

M6l6Gll]«. 

Weight  of 

Oarbonin 

Hbleoiiie. 

Manh  oas 

8.05 
14.11 

87.32 

104.40 

m.0. 
16 

28 

60 

74 

88 

209 

98 

152 

120 

186 

148 

169 

in.0. 
12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

182 

144 

defiant  gan ..^... 

Propvlic  alcohol 

Ether 

Amylio  alcohol 

TriethyUdbme 

Tolaol 

Oil  of  wintercTeen 

Cumol 

Oil  of  torpentine 

Amvl  benzol 

DiDhenvlamine 

and  by  unity  the  equal  weights  compared,  we  shall  have,  in  any 
case, 

[16] 


S:S'  =  ^  :  ^„  or  mS=m'S' 

m    m  ' 


that  is,  The  product  of  the  atomic  weight  of  an  demeTitary  svb- 
stance  hy  its  specific  heat  is  always  a  constant  quantity. 

Taking  now  the  atomic  weights  obtained  by  the  method  first 
given,  and  the  specific  heats  of  the  elements  as  they  have  been 
determined  by  experimenting  on  these  substances  in  the  solid 
state,  we  find  that,  with  only  three  exceptions,  our  inference  is 
correct;  and  this  principle  not  only  frequently  enables  us  to  fix 
the  atomic  weight  of  an  element,  when  the  first  method  fails, 
but  it  also  serves  to  corroborate  the  general  accuracy  of  our  re- 
sults. It  is  true,  owing  undoubtedly  to  many  causes  which  in- 
fluence the  thermal  conditions  of  a  solid  body,  that  this  product 
is  not  absolutely  constant.  It  varies  between  5.7  and  6.9,  the 
mean  value  being  about  6.34  (see  Table  IV.).  But  the  variation 
is  not  important,  so  far  as  the  determination  of  the  atomic  weights 
is  concerned.  This  determination,  as  we  have  seen,  rests  chiefly 
on  the  results  of  analysis.  The  question  always  is  only  between 
two  or  three  possible  hypotheses,  and  as  between  these  the  spe- 
cific heat  will  decide.    For  example,  an  analysis  of  chloride  of 
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silver  proves  that  each  molecule  contains  for  one  atom,  or  35.5 
parts  of  chlorine,  108  parts  of  silver.  Now,  108  parts  of  silver 
may  represent  one,  two,  three,  or  four  atoms,  or  it  may  be  that 
this  quantity  only  represents  a  fraction  of  an  atom.  To  deter- 
mine, we  divide  6.34  by  0.057,  the  specific  heat  of  silver.  The 
result  is  111,  which,  though  not  the  exact  atomic  weight,  is  near 
enough  to  show  that  108  is  the  weight  of  one  atom,  and  not  of 
two  or  three.  The  exceptions  to  this  rule  referred  to  above  are 
carbon,  boron,  and  silicon.  But  it  has  recently  been  found  that 
the  specific  heat  of  these  substances  varies  very  rapidly  with  the 
temperature,  and  that  at  a  high  temperature  it  nearly  conforms 
to  the  law  in  each  case.  These  results  indicate  that  the  varia^ 
tions  are  all  due  to  differences  of  aggregation,  and  that  the  law 
would  exactly  hold  if  the  atoms  were  isolated. 

This  important  law,  whose  bearing  on  our  subject  we  have 
briefly  considered,  was  first  discovered  by  Dulong  and  Petit,  and 
was  subsequently  verified  by  the  very  careful  experiments  of 
Eegnault  More  recently  it  has  been  found,  by  Voestyn  and 
others,  that  its  application  extends,  in  some  cases  at  least,  to 
chemical  compounds ;  for  it  would  seem  that  the  atoms  retain, 
even  when  in  combination,  their  peculiar  relations  to  heat,  so 
that  the  product  of  the  specific  heat  of  a  substance  by  its  molec- 
ular weight  is  equal  to  as  many  times  6.3  as  there  are  atoms  in 
the  molecule.  Thus  the  specific  heat  of  common  salt,  multiplied 
by  its  molecular  weight,  gives  0.214  X  58.5  =  12.52,  which  is 
very  nearly  equal  to  6.3  X  2 ;  while  in  the  case  of  corrosive 
sublimate  the  corresponding  product,  0.069  X  271  =  18.70,  is 
nearly  equal  to  6.3  X  3,  —  results  which  are  in  accordance  with 
our  views  in  regard  to  the  number  of  atoms  in  the  molecules  of 
these  substances. 

We  have  here,  then,  an  obvious  method  by  which  we  might 
determine  the  number  of  atoms  in  the  molecule  of  any  solid,  and 
which  would  be  of  the  very  greatest  value  in  investigating  the 
atomic  weights,  could  we  rely  on  the  general  application  of  our 
law.  We  do  not  look  for  mathematical  exactness.  We  know 
very  well  that  the  specific  heat  of  solid  bodies  varies  very  greatly 
with  the  temperature,  as  well  as  from  other  physical  causes,  and 
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that  it  is  impossible  to  compare  them  under  precisely  the  same 
conditions  as  would  be  required  in  order  to  secure  accordance. 
But,  unfortunately,  the  discrepancies  are  so  great,  and  we  are  so 
ignorant  of  their  cause,  that  as  yet  we  have  not  been  able  to 
use  the  specific  heat  as  a  means  of  determining  the  number 
of  atoms  in  the  molecule  of  a  compound,  except  to  a  limited 
extent 

Assuming  that  it  would  require  absolutely  the  same  amount 
of  heat  to  raise  to  a  given  extent  the  temperature  of  any  atom, 
whatever  its  weight,  when  the  atom  is  isolated,  we  should  not 
expect,  from  our  mechemical  theory  of  heat,  that  this  would  be 
any  longer  the  case  when  the  atoms  were  united  in  a  mole- 
cule ;  for  then  a  portion  of  the  heat  must  be  spent  in  pulling 
apart  the  atoms,  that  is,  in  doing  the  work  which  the  resulting 
expansion  implies.  If  the  atoms  were  isolated,  all  the  heat  would 
be  expended  in  raising  their  temperature,  that  is,  in  imparting 
moving  power.  But  when  the  atoms  are  bound  together  by  defi- 
nite forces,  only  a  part  of  the  heat  is  thus  expended.  The  rest 
does  work,  and  as  the  work  done  in  moving  apart  the  atoms  must 
depend  on  their  relations  to  each  other,  it  is  evident  that  the  heat 
so  consumed  must  be  a  very  variable  quantity.  But  although 
the  results  of  investigation  are  in  harmony  with  these  theoretic^ 
conceptions,  we  have  not  as  yet  obtained  the  knowledge  required 
to  calculate  what  must  be  the  result  under  given  conditions.  In 
the  case  of  the  molecules  of  elementary  substances,  where  the 
atoms  are  united  by  comparatively  feeble  forces,  the  amount  of 
heat  expended  in  work  is  probably  an  inconsiderable  portion  of 
the  whole ;  and  here  may  be  the  explanation  of  the  general  con- 
formity of  the  specific  heat  of  these  substances  with  the  law  just 
enunciated.  But  this  cannot  be  true  of  the  molecules  of  compound 
bodies,  where  the  atoms  are  held  together  with  such  power  that 
gravitation,  and  even  molecular  attraction,  are  feeble  forces  in 
comparison.  Hence  the  difficulty  of  bringing  the  specific  heat 
of  compounds  under  the  general  law ;  but  we  have  every  reason 
to  expect  that  in  proportion  as  our  knowledge  of  molecular  struc- 
tiue  increases  this  result  will  be  reached.  It  must  be  borne  in 
mind,  however,  that  the  problem  is  still  further  complicated  by 
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the  fact  that,  when  a  body  is  expanded  bj  heat,  work  is  done  in 
moving  apart  the  molecules  as  a  whole,  as  well  as  the  atoms  of 
which  the  molecules  consist 

Lastly,  assuming  that  both  of  the  means  we  have  considered 
fail  to  give  satisfactory  evidence  in  regard  to  the  number  of 
atoms  in  the  molecule  of  a  given  substance,  (which  we  may  have 
analyzed  for  the  purpose  of  determining  some  atomic  weight,) 
we  may  frequently,  nevertheless,  reach  a  satisfactory,  or  at  least 
a  probable  conclusion,  by  comparing  the  substance  we  are  inves- 
tigating with  some  closely  allied  substance  whose  constitution  is 
known.  Thus,  if  the  molecule  of  sodic  chloride  (common  salt) 
contains  two  atoms,  it  is  probable  that  the  molecules  of  sodic 
iodide,  as  weU  as  those  of  potassic  chloride  and  potassic  iodide, 
contain  the  same  number;  for  all  these  compounds  not  only 
have  the  same  crystalline  form  and  the  same  chemical  relations, 
but  they  are  also  composed  of  closely  allied  chemical  elements. 
Nevertheless  it  is  true,  in  very  many  cases,  that  our  conclusion 
in  regard  to  the  number  of  atoms  which  a  molecule  may  contain 
is  more  or  less  hypothetical,  and  hence  liable  to  error  and  sub- 
ject to  change.  This  uncertainty,  moreover  must  extend  to  the 
atomic  weights  of  the  elements,  so  far  as  they  rest  on  such  hypo- 
thetical conclusions. 

If  we  change  the  hypothesis  in  any  case,  we  shall  obtain  a 
different  atomic  weight ;  but  then  the  new  weight  will  be  some 
simple  multiple  of  the  old,  and  will  not  alter  the  important  re- 
lations to  which  we  first  referred.  These  fundamental  relations 
are  independent  of  all  hjrpothesis,  and  rest  on  well-established 
laws. 

The  atomic  weights  are  the  numerical  constants  of  chemistry, 
and  in  determining  their  value  it  is  necessary  to  take  that  care 
which  their  importance  demands.  The  essential  part  of  the  in- 
vestigation is  the  accurate  analysis  of  some  compound  of  the 
element  whose  atomic  weight  is  sought.  The  compound  selected 
for  the  purpose  must  fulfil  several  conditions.  It  must  be  one 
which  can  be  prepared  in  a  condition  of  absolute  purity.  It 
must  be  one  the  proportions  of  whose  constituents  can  be  deter- 
mined with  the  greatest  accuracy  by  the  known  methods  of 
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analytical  chemistiy.  It  must  contain  a  second  element  whose 
atomic  weight  is  well  established.  Finally^  it  should  be  a  com* 
pound  whose  molecular  condition  is  known,  and  it  is  best  that 
this  should  be  as  simple  as  possible.  When  once  thus  accu- 
lately  detennined,  the  atomic  weights  become  essential  data  in 
all  quantitative  analytical  investigations. 


QUESTIONS   AND   PBOBLEMS. 

1.  Does  the  mtegrity  of  a  substance  reside  in  its  molecules  or  in 
its  atoms  t 

2.  We  find  by  analysis  that  in  100  parts  of  potassic  chloride  there 
are  52.42  parts  of  potassium  and  47.58  parts  of  chlorine.  Moreover, 
we  know  from  previous  experiments  that  the  atomic  weight  of  chlorine 
is  35.5,  and  we  have  reason  to  believe  that  every  molecule  of  the  com- 
pound consists  of  2  atoms,  I  of  potassium  and  1  of  chlorine.  What  is 
the  atomic  weight  of  potassium)  Ans.  39.1. 

3.  We  find  by  analysis  that  in  100  parts  of  phosphoric  anhydride 
there  are  4S.66  parts  of  phosphorus  and  56.34  parts  of  oxygen. 
Moreover,  we  know  that  the  atomic  weight  of  oxygen  is  16 ;  and  we 
have  reason  to  believe  that  every  molecule  of  the  compound  consists 
of  7  atoms,  2  of  phosphorus  and  5  of  oxygen.  What  is  the  atomic 
weight  of  phosphorus  1  Ans.  31. 

4.  In  Table  III.  the  student  will  find  the  vapor  densities  of  a 
aomber  of  compounds  of  arsenic,  and  we  give  below  the  per  cent  of 
arsenic  which  each  contains.  From  these  data  it  is  required  to  deter- 
mine the  atomic  weight  of  arsenic.  Arrange  the  results  in  a  table 
like  those  given  above.  Metallic  arsenic,  100  per  cent;  arseniuret- 
ted  hydrogen,  96.16  per  cent;  arsenious  chloride,  41.32  per  cent;  ka- 
kodyl,  71.44  per  cent;  arsenious  oxide,  75.77  per  cent. 

5.  Beview  the  steps  of  the  reasoning  by  which  the  atomic  weights 
have  been  deduced  in  the  last  two  problems,  and  show  that  the  moUeu- 
lar  weight  and  the  toeigkt  of  the  element  in  one  molecule  are  actual  and 
independent  experimental  data. 

6.  Analysis  shows  that  in  100  parts  of  mercuric  chloride  there  are 
73.80  parts  of  mercury  and  26.20  parts  of  chlorine.    The  specific 

4 
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heat  of  xnercttry  is  0.032.  What  is  the  probable  atomic  weight  of 
mercury,  that  of  chlorine  being  35.5 1  Also,  how  many  atoms  of  each 
element  does  one  molecule  of  the  compound  contain  1 

Ans.  Atomic  weight  of  mercury,  200.  Each  molecule  consists  of 
1  atom  of  mercury  and  2  of  chlorine. 

7.  Analysis  shows  that  in  100  parts  of  ferric  oxide  there  are  70 
parts  of  iron  and  30  parts  of  oxygen.  The  specific  heat  of  iron  is 
0.114.  What  is  the  probable  atomic  weight  of  iron,  that  of  oxygen 
being  16 1  and  how  many  atoms  of  each  element  does  one  molecule  of 
the  oxide  contain  9 

Ans.  Atomic  weight  of  iron,  56.  One  molecule  of  ferric  oxide 
contains  2  atoms  of  iron  and  3  of  oxygen. 

8.  There  is  no  doubt  that  in  oxide  of  glucinum  the  metal  is  com- 
bined with  oxygen  in  the  proportion  of  9.2  to  16,  and  it  has  been 
hitherto  generally  assumed  that  each  molecule  of  the  oxide  consists 
of  one  atom  of  glucinum  united  to  one  of  oxygen,  and  hence  that  the 
atomic  weight  of  this  rare  element  is  9.3.  But  it  appears  from  recent 
experiments  that  the  specific  heat  of  glucinum  is  0.408.  To  what 
conclusion  does  this  new  fieust  lead) 

Ans.  That  the  atomic  weight  of  glucinum  is  13.9,  and  that  each 
molecule  of  its  oxide  consists  of  2  atoms  of  metal  and  3  atoms 
of  oxygen. 

9.  The  molecular  weight  of  silicic  chloride  is  170,  and  its  specific 
heat,  0.1907.  How  many  atoms  does  one  molecule  of  the  compound 
probably  contain  f  Ans.  5, 

10.  The  molecular  weight  of  mercuric  iodide  is  454,  and  its  specific 
heat,  0.042.  How  many  atoms  does  one  molecule  of  the  compound 
probably  contain!  Ans.  3. 


CHAPTER  V. 


GHSiaCAL   NOTATION. 


21.  Ch«iiiio«l  Symbobi.  —  The  atomic  theory  has  found 
expression  in  chemistry  in  a  remarkable  system  of  notation, 
which  has  been  of  the  greatest  value  in  the  study  of  the  science. 
In  this  system,  the  initial  letter  of  the  Latin  name  of  an  ele- 
ment is  used  as  the  symbol  of  that  element,  and  represents  in 
every  case  imt  atom.  Thus  0  stands  for  one  atom  of  Oxygen, 
N  for  one  atom  of  Nitrogen,  H  for  one  atom  of  Hydrogen.  When 
several  names  have  the  same  initial,  we  add  for  the  sake  of  dis- 
tinction a  second  letter.  Thus  C  stands  for  one  atom  of  Carbon, 
CI  for  one  atom  of  Chlorine,  Ca  for  one  atom  of  Calcium,  Cu 
for  one  atom  of  Cuprum  (copper),  Cr  for  one  atom  of  Chromium, 
Co  for  one  atom  of  Cobalt,  Cd  for  one  atom  of  Cadmium,  Cs  for 
one  atom  of  Csesium,  and  Ce  for  one  atom  of  Cerium.  The  sym- 
bols of  all  the  elements  are  given  in  Table  II.  Several  atoms 
of  the  same  element  are  generally  indicated  by  adding  figures, 
but  distinguishing  them  from  algebraic  exponents  by  placing 
them  below  the  letters.  Thus  Sn^  stands  for  two  atoms  of  Stan- 
num  (tin),  S^  for  three  atoms  of  Sulphur,  and  /«  for  five  atoms 
of  Iodine.  Sometimes,  however,  in  order  to  indicate  certain  re- 
lations, we  repeat  the  symbol  with  or  without  dashes  between 
them ;  thus  H-ff  represents  a  group  of  two  atoms  of  Hydrogen, 
SrSe  a  group  of  two  atoms  of  Selenium.  We  can  now  easily 
express  the  constitution  of  the  molecide  of  any  substance  by 
simply  grouping  together  the  symbols  of  the  atoms  of  which 
the  molecule  consists.  This  group  is  generally  called  the  sym- 
bol of  the  substance,  and  stands  in  every  case  for  one  molecule. 
Thus  NaCl  is  the  symbol  of  common  salt,  and  represents  one 
molecule  of  salt  fffO  is  the  symbol  of  water,  and  represents, 
as  before,  one  molecule.    So  in  like  manner  ff^  stands  for  one 
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molecule  of  ammonia  gas,  Hfi  for  one  molecule  of  marsh  gas» 
KNO^  for  one  molecule  of  saltpetre,  H^O^  for  one  molecule  of 
sulphuric  acid,  C^fi^  for  one  molecule  of  acetic  acid,  jET-jET  for 
one  molecule  of  hydrogen  gas.  We  do  not,  however,  always 
write  the  symbols  in  a  linear  form,  but  group  the  letters  in  such 
a  way  as  will  best  indicate  the  relations  we  are  studying. 
When  several  molecules  of  the  same  substance  take  part  in  a 
chemical  change,  we  represent  the  fact  by  writing  a  numerical 
coefficient  before  the  molecular  symbol.  A  figure  so  placed 
always  multiplies  the  whole  symbol  Thus  ^H-NO^  stands  for 
four  molecules  of  nitric  acid,  3  C^HJD  for  three  molecules  of  alco- 
hol, 6  0^0  for  six  molecules  of  oxygen  gas.  When  deamees  re- 
quires it,  we  enclose  the  symbol  of  the  molecule  in  parentheses, 
thus,  ^{H^N)y  or  {H^N\  The  precise  meaning  of  the  dashes 
will  hereafter  appear.  They  are  used,  like  punctuation  marks, 
to  point  off  in  a  molecular  symbol  the  parts  between  which  we 
wish  to  distinguish. 

22.  Chemical  Reaotions.  —  These  chemical  symbols  give  at 
once  a  simple  means  of  representing  all  chemical  changes.  As 
these  changes  almost  invariably  result  from  the  Tea4:ti(yn,  of  one 
substance  on  another,  they  are  called  chemical  reactions.  Such 
reactions  must  necessarily  take  place  between  molecules,  and 
simply  consist  in  the  breaking  up  of  the  molecules  and  the  re- 
arrangement of  the  atoms  in  new  groups.  In  every  chemical 
reaction  we  must  distinguish  between  the  substances  which  are 
involved  in  the  change  and  those  which  are  produced  by  it 
The  first  will  be  termed  the  factors,  and  the  last  the  products,  of 
the  reaction.  As  matter  is  indestructible,  it  follows  that  the 
9um  of  the  weights  of  the  products  of  any  reaction  must  always 
he  equal  to  the  sum  of  the  weights  of  thefa/storSy  and,  further,  that 
ihe  rminber  of  atoms  of  each  element  in  the  products  must  be 
the  same  as  the  number  of  atoms  of  the  same  hind  in  the  factors. 
This  statement  seems  at  first  sight  to  be  contradicted  by  expe- 
rience, since  wood  and  many  other  combustibles  are  consumed 
by  burning.  In  all  such  cases,  however,  the  apparent  annihila- 
tion of  the  substance  arises  from  the  fact  that  the  products  of 
the  change  are  invisible  gases;  and  when  these  are  collected, 
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their  weight  is  found  to  be  equal,  not  only  to  that  of  the  sub- 
stance, but  also,  in  addition,  to  the  weight  of  the  oxygen  from 
the  air  consumed  in  the  process.  As  the  products  and  factors 
of  every  chemical  change  must  be  equal,  it  follows  that  a 
ehemieal  reaction  may  always  he  rqpresented  in  an  equation  by 
writing  the  symbols  of  the  factors  in  the  first  member,  and  those 
of  the  products  in  the  second.  Thus,  the  following  equation  ex- 
presses the  reaction  between  dilute  sulphuric  acid  and  zinc,  by 
which  hydrogen  gas  is  commonly  prepared.  The  products  are  a 
solution  of  zinc  sulphate  and  hydrogen  gas. 

Zn  +  {^tSO^  +  M)  =  {2nS0^  +  Aq)  +  21-ia.         [17] 

The  abbreviation  of  the  Latin  word  Aqua  is  here  used  simply 
to  indicate  that  the  substances  enclosed  with  it  in  parentheses 
are  in  solution.  The  symbol  Zn  is  printed  in  "  full-faced  "  type 
to  indicate  that  the  metal  is  used  in  the  reaction  in  its  well- 
known  solid  condition;  while  the  symbol  of  the  molecule  of 
hydrogen  is  printed  in  skeleton  type  to  indicate  the  condition 
of  gas.  This  usage  will  be  followed  throughout  the  book ;  but, 
generally,  when  it  is  not  important  to  indicate  the  condition  of 
the  materials  involved  in  the  reaction,  ordinary  type  will  be  used. 
The  molecule  of  hydrogen  gas  consists  of  two  atoms,  as  our  re- 
action indicates,  and  this  is  the  smallest  quantity  of  hydrogen 
which  can  either  enter  into  or  be  formed  by  a  chemical  change. 
The  molecule  of  zinc  is  known  to  consist  of  only  one  atom. 
When  the  molecular  constitution  of  an  element  is  not  known, 
we  simply  write  the  atomic  symbol  in  the  reaction 

Among  chemical  reactions  we  may  distinguish  at  least  three 
classea  First,  Analytical  Beactions,  in  which  a  complex  mole- 
cule is  broken  up  into  simpler  ones.  Thus,  when  sodic  bisul- 
phate  \a  heated,  it  breaks  up  into  sodic  sulphate  and  sulphuric 
anhydride, - 

Na^fij  =  Na^O^  -h  SO^  [18] 

So,  also,  by  fermentation  grape  sugar  or  glucose  breaks  up  into 
alcohol  and  earbonic  anhydride,  — 

C.H^O^  =  2  CJBfi  +  2  CO^  [19] 
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Secondly,  Synthetical  Beactions,  in  which  two  molecules  unite 
to  form  a  more  complex  group.  Thus  baryta  burns  in  an  atmos- 
phere of  sulphuric  anhydride,  and  forms  baric  sulphate,  — 

BaO  +  SO^  =  BaSO^.  [20] 

In  like  manner  ammonia  enters  into  direct  union  with  hydro- 
chloric acid  to  form  ammonic  chloride,  — 

U^N  +  HCl  =  H^NCl  [21] 

Thirdly,  Metathetical  Beactions,  in  which  the  atoms  of  one 
molecule  change  place  with  the  similar  atoms  of  another  mole- 
cule or  of  several  other  molecules,  one  atom  replacing  one,  two, 
three,  or  more  atoms,  as  the  case  may  be.  Thus,  when  we  add 
a  solution  of  common  salt  to  a  solution  of  aigentic  nitrate,  we 
obtain  a  white  precipitate*  of  aigentic  chloride,  while  sodic 
nitrate  remains  in  solution.  The  result  is  obtained  by  a  simple 
interchange  between  an  atom  of  silver  and  an  atom  of  sodium, 
as  the  following  reaction  shows : — 

{NarCl  +  Ag-NO^  +  Aq)  =  {Na-NO^  +  Aq)  +  AgrCI.    [22] 

In  the  next  example,  one  atom  of  barium  changes  place  with 
two  atoms  of  hydrogen.  Baric  chloride  and  sulphuric  acid  yield 
hydrochloric  acid  and  insoluble  baric  sulphate,  which  is  precipi- 
tated from  the  solution  in  water  as  the  reaction  indicates :  — 

{BaCl^  +  H^SO^  +  Aq)  =  (2  HCl  +  Aq)  +  BaSO^.     [23] 

Of  the  three  classes  of  chemical  reactions  the  last  is  by  far 
the  most  common,  and  many  chemical  changes  which  were  for- 
merly supposed  to  be  examples  of  simple  analysis  or  synthesis 
are  now  known  to  be  the  results  of  metathesis.  In  very  many 
cases,  however,  a  chemical  reaction  cannot  be  explained  in  either 
of  these  ways  alone,  but  seems  to  consist  in  a  primary  union  of 
two  or  more  molecules  and  a  subsequent  splitting  up  of  this 
large  group.    Indeed,  this  is  the  best  way  of  conceiving  of  all 

*  The  separation  of  a  solid  or  sometimes  of  a  liquid  sahstance  in  a  fluid  men- 
stmam,  as  the  result  of  a  chemical  reaction,  is  called  precipitation,  and  the  mate* 
rial  which  separates,  a  precipitate ;  and  this,  too,  even  when  the  material,  being 
lighter  than  the  fluid,  rises  instead  of  falls. 
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metathetical  reactions,  for  we  do  not  suppose  that  in  any  case 
there  is  an  actual  transfer  of  atoms  from  one  molecule  to  the 
other.  The  word  metcUhms  is  merely  used  to  indicate  the  re- 
sult of  the  process,  not  the  manner  in  which  the  change  takes 
place,  and  the  same  is  true  of  the  words  analysis  and  syrUhesis, 
The  common  method  of  preparing  carbonic  anhydride  is  to 
pour  a  solution  of  hydrochloric  acid  on  small  lumps  of  marble 
(calcic  carbonate),  — 

CaCO,  +  (2  HCl  +  Aq)  =  {GaCO^  Hfil^  +  ig)         [24] 
=  (CaC/,  +  H^O  +  M)  +  ®®>- 

We  may  suppose  that  the  molecules  of  the  two  substances  are, 
in  the  first  place,  drawn  together  by  the  force  which  manifests 
itself  in  the  phenomena  of  adhesion,*  but  that,  as  they  approach, 
a  mutual  attraction  between  their  respective  atoms  comes  into 
play,  which,  the  moment  the  molecules  come  into  collision,  causes 
the  atoms  to  arrange  themselves  in  new  groups.  The  groups 
which  then  result  are  determined  by  many  causes  whose  action 
can  seldom  be  fully  traced ;  but  there  are  two  conditions  which, 
in  the  presence  of  a  liquid  medium,  have  a  very  important  influ- 
ence on  the  result.    These  conditions  may  be  thus  stated :  — 

1st  Whenever  a  compound  can  be  formed,  which  is  insoluble 
in  the  menstruum  present,  this  compound  separates  as  a  pre- 
cipitate. 

2d.  Whenever  a  gas  can  be  formed,  or  any  substance  which  is 
volatile  at  the  temperature  at  which  the  experiment  is  made,  this 
volatile  product  is  set  free. 

The  reactions  [22]  and  ^23]  of  this  section  are  examples  of  the 
first,  while  the  reactions  [17]  and  [24]  are  examples  of  the  second 
of  these  conditions.  The  facts  just  stated  illustrate  an  important 
truth,  which  must  be  carefully  borne  in  mind  in  the  study  of 
chemistry.*  A  chemical  equation  differs  essentially  from  an  cd- 
gebraic  expression.    Any  inference  which  can  be  legitimately 

*  We  find  it  couTenient  to  diitixigaiah  between  the  force  which  holds  together 
different  molecules  and  that  which  unites  the  atoms  of  the  molecules.  To  the  last 
we  give  the  name  of  (hanUal  affmity,  while  we  call  the  first  oohuricn  oit  adtuaion^ 
according  as  it  is  exerted  between  molecules  of  the  same  kind  or  those  of  a  differ- 
ent kind. 
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drawn  from  an  algebraic  equation  must,  in  some  senae^  be  true. 
It  is  not  so,  however,  with  chemical  symbols.  These  are  simply 
expressions  of  observed  facts,  and,  although  important  inferences 
may  sometimes  be  drawn  from  the  mere  form  of  the  expression, 
yet  they  are  of  no  value  whatever  unless  confirmed  by  experi* 
ment  Moreover,  the  facts  which  are  expressed  in  this  peculiar 
system  of  notation  are  as  purely  materials  for  the  memory  as  if 
they  were  described  in  common  language. 

23.  Compound  Radicals.  —  In  many  chemical  reactions  the 
elementary  atoms  change  places,  not  with  other  elementary 
atoms,  but  with  groups  of  atoms,  which  appear  to  sustain 
relations  to  the  compounds  they  leave  or  enter,  similar  to  those 
of  the  elements  themselves.  Thus,  if  we  add  to  a  solution  of 
argentic  nitrate  a  solution  of  ammonic  chloride,  we  get  th^ 
reaction  expressed  by  the  equation 

Ag-NO^  +  NH^'Cl  =  NH^-NO^  +  Aff-Cl.  [25] 

Here  the  group  NH^  has  taken  the  place  of  Ag.  So,  also,  in  the 
reaction  of  hydrochloric  acid  on  common  alcohol,  the  group  C^% 
in  the  molecule  of  alcohol  changes  places  with  the  atom  of  hy- 
drogen in  the  molecule  of  hydrochloric  acid, — 

Cja^OU  +  H<;i  =  H'OH  +  C,Zr,-CT.  [26] 

AleohoL  ElhyUe  Chloride 

We  write  the  symbols  in  this  peculiar  way  in  order  to  make 
it  evident  to  the  eye  that  such  a  substitution  has  taken  place. 
Lastly,  in  the  reaction  of  chloroform  on  ammonia,  the  group  CH. 
of  the  first  changes  places  with  the  three  atoms  of  hydrogen  of 
ammonia  gas,  — 

CH^Cl^  +  E^N  =3ECl'\-  CH^N.  [27] 

Ghlocof onn.  HydrocTUile  Add. 

Such  groups  as  these  are  called  compound  radical^  Like  the 
atoms  themselves,  they  cannot,  as  a  rule,  exist  in  a  free  state ;  but 
aggregates  of  some  of  these  radicals  may  exist,  which  sustain  the 
same  relation  to  the  radicals  that  elementary  substances  hold  to 
the  atoms.  Thus,  as  we  have  a  gas  chlorine  consisting  of  mole- 
cules, each  represented  by  Cl-Cl,  so  there  is  a  gas  cyanogen  con- 
sisting of  molecules,  each  represented  by  CN-CN,  where  CN  is  a 
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oompou&d  radical  called  cyanogen.  Again,  the  important  tadicals 
CO,  iSO^y  and  Pdt  are  also  the  molecules  of  well-known  gases. 
These  radical  substances  correspond  to  certain  elementary  sub- 
stances previously  mentioned^  in  which  the  molecule  is  a  single 
atbm. 

But  with  few  exceptions  the  radical  substances  have  never 
been  isolated,  and  the  radicals  are  only  known  as  groups  of  atoms 
which  pass  and  repass  in  a  number  of  chemical  reactions.  In- 
deed, in  the  same  compound  we  may  frequently  assume  several 
radicals.  The  possible  radicals  of  a  chemical  symbol  correspond 
in  fact  almost  precisely  to  the  possible  factors  of  an  algebraic 
formula,  and  in  writing  the  symbol  we  take  out  the  one  or  the 
other,  as  the  chemical  change  we  are  studying  requires.  A  num- 
ber of  these  radicals  have  received  names ;  as,  — 

Hydroxyl,  HO  Sulphuryl,  80^ 

Hydrosulphuryl,  H8  Carbonyl,  CO 

Ammonium^  HJSf  Carboxyl,  COOH 

Amidogen,  H^  Nitrosyl,  NO 

Cyanogen,  CN  Nitroxyl,  NO^ 

But  the  names  are  not  of  importance,  and  the  nsage  in  r^ard  to 
them  has  never  been  fixed. 


QUESTIOKS  AND  PROBLEM& 

1.  For  what  do  the  following  symbols  stand  \ 

N;    Ca^;    IFff;    B/J,    iHNO^;    (C^fffi^^ 

2,  For  what  do  the  following  symbols  stand  1 

CI;    S^;    0-0;    ff^-,   M^O^;    SC^O* 
S.  For  what  do  the  following  symbols  stand  t 

0;    H^\    SfSe;    NaCl;    Hfi\    ZKNO^ 

i*  Bdpresent  by  symbols,— Ist,  5  molecules  of  water  \  2d,  3  mole- 
cules of  calcic  carbonate  \  3d,  2  molecules  of  baric  sulphate ;  4th,  1 
molecule  of  sodic  disulphate. 
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5.  Analyze  the  following  reaction.  Show  that  the  same  number  of 
atoms  are  represented  on  each  aide  of  the  equation^  and  state  the  daas 
to  which  it  belongs. 

Fe  +  (2  HCl  +  Aq)  -  IFeCl^  +  -4?)  +  JH-3I. 

QjdnwhkHte  AoL  Tmom  Chloridi^  * 

6.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs, 

Aimonk  llUnilt.      Walw.      ZHtrow  Oiid«. 

7.  Analyze  the  following  reactions.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

C  +  0-0    =    CO.. 

Carbon.   Ozjioa.     CvboBio  JHoiidt. 

8.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

2H'0'H'\'N<rNa=z2NarO-H'\-  H-H. 

Wat«r.  Bodlom.  Bodio  Hjdimta. 

9.  The  following  reaction  may  be  so  written  as  to  indicate  that  the 
products  are  formed  by  a  metathesis  between  two  similar  moleculea. 
It  is  required  to  show  that  this  is  possible. 

2HJT    =    ZH-H    +    N'N. 

▲mnMmta  Gu.         Bydrofm  CKm.       NUroiUi  Ou. 

10.  Write  the  reactions  [22]  and  [23]  so  as  to  indicate  the  manner 
in  which  the  metathesis  is  supposed  to  take  place. 

11.  State  the  conditions  which  detetmine  the  metathesis  in  the 
various  reactions  given  in  this  chapter  so  £ar  as  these  conditions  are 
indicated. 

12.  Analyze  the  following  reaction.  Show  what  deteimines  the 
metathesis,  and  also  what  is  meant  by  a  compound  ladicaL 

(PbiI^O,\  +  2  yff.'Cl  +  Aq)  =   PbCl,  +  (2  NH^-NO.  +  Aq). 

Plnmblo  NUnte.  Amimwilc  Chloridt.  Il«inMe  Chloride.  Ammonta  Wltmla. 

13.  Compare  with  [27]  the  following  reaction,  and  point  out  the 
two  radicals,  which,  as  we  may  assume,  hydrocyanic  acid  contains. 

{ArNO,  +  E'CN  +  Aq)  -  AcrCN  +  {H-NO,  +  Aq). 

Aiintte  Mllntt.      HTdiMjuiIe  Add.     Ar|«iS  C^saidi.  mrioAdd. 
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14.  When  sulphuric  anhydride  (^S'O^  is  added  to  water  (Hfi)  a  vio- 
lent action  ensues  and  solphuric  acid  is  fonned.  The  reaction  maj  be 
written  in  two  ways,  and  it  is  required  to  explain  the  different  views  of 
the  process,  which  the  following  equations  express. 

or, 

2  H'O-E^-  80^0  =  H^O^SO^  +  HfO. 

16.  State  the  distinction  between  a  chemical  element  and  an  ele- 
mentary substance.  Give  also  the  distinction  between  a  compound 
radical  and  a  radical  substance. 


CHAPTER   VL 
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24  Btochlometiy.^The  chemical  symbols  enable  us  not  only 
to  represent  chemical  changes,  but  also  to  calculate  exactly  the 
amounts  of  the  substances  required  in  any  given  process,  as  well 
as  the  amounts  of  the  products  which  it  will  jpeld.  Each  sym- 
bol stands  for  a  definite  weight  of  the  element  it  represents,  that 
is,  for  the  weight  of  an  atom ;  but,  as  only  the  relative  values  of 
these  weights  are  accurately  known,  they  are  best  expressed  as 
so  many  parts.  Thus  jET,  which  indicates  one  atom  of  hydrogen, 
stands  for  1  part  by  weight  of  hydrogen,  the  unit  of  our  system. 
In  like  manner  0  stands  for  one  atom  or  16  parts  by  weight  of 
oxygen,  N  for  one  atom  or  14  parts  by  weight  of  nitrogen,  C  for 
one  atom  or  12  parts  by  weight  of  carbon,  Ci  for  five  atoms  or 
60  parts  by  weight  of  carbon,  and  so  on  for  all  the  symbols  in 
Table  II.  The  weight  of  uie  molecule  of  any  substance  must 
evidently  be  the  sum  of  the  weights  of  its  atoms,  and  is  easily 
found,  when  the  symbol  is  given,  by  simply  adding  together  the 
weights  which  the  atomic  symbols  represent  Thus  H^O,  the 
symbol  of  one  molecule  of  water,  stands  also  for  2  + 16  =  18 
parts  of  water,  H^N  for  one  molecule,  or  3  + 14  =17  parts  of  am- 
monia gas,  and  CJSJO^  for  24  -h  4  -h  32  =  60  parts  of  acetic  acid.* 

Having  then  given  the  symbol  of  a  substance,  it  is  very  easy 
to  calculate  its  percentage  composition.  Thus,  as  in  60  parts 
of  acetic  acid  there  are  24  parts  of  carbon,  in  100  parts  of  the 
acid  there  must  be  40  parts  of  carbon,  and  so  for  each  of  the 
other  elements.    The  result  appears  below;  and  in  the  same 

*  In  this  book  tJu  molecular  toeigJU  of  a  mhstance  wiU  always  mean  the 
sum  of  the  atomic  weights  of  the  atoms  composing  om  molecule,  and  we  shall 
use  the  phrase,  the  molecular  weight  of  a  symbol,  or  ike  Mai  atomic  toeight 
of  a  aymJbcl,  to  denote  the  som  of  the  atomic  weights  of  aU  the  molecules  which 
the  symbol  represents. 
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way  tbe  percentage  composition  of  alcohol  and  ether  has  been 
calculated  from  the  accompanying  symbols. 


AoedeAdd, 

Akoohol, 

IChir, 

t\B^OT 

(\I^0. 

C^H^O. 

Carbon, 

40.00 

52.18 

64.86 

Hydrogen, 

6.67 

13.04 

13.52 

Oxygen, 

53.33 

34.78 

21.62 

100.00  100.00  100.00 

The  rule,  easily  deduced,  is  this :  As  the  weight  of  the  molecule 
is  to  the  weight  of  each  elemerU,  so  is  one  hundred  parts  to  the  per- 
cerUage  required. 

On  the  other  hand,  having  given  the  percentage  composition, 
it  is  easy  to  calculate  the  number  of  atoms  of  each  element  in 
the  molecule  of  the  substanca  This  problem  is  evidently  the 
reverse  of  the  last,  but  it  does  not,  like  that,  always  admit  of  a 
definite  solution ;  for,  while  there  is  but  one  percentage  compo- 
sition corresponding  to  a  given  symbol,  there  may  be  an  infinite 
number  of  symbols  corresponding  to  a  given  percentage  com- 
position. For  example,  the  percentage  composition  of  acetic 
acid  corresponds  not  only  to  the  formula  C^fi^,  given  above, 
but  also  to  any  multiple  of  that  formula,  as  can  easily  be  seen 
by  calculating  the  percentage  composition  of  CHfi,  C^Hfip 
CJIfi^  etc.  They  will  all  necessarily  give  the  same  result, 
and,  before  we  c€ui  determine  the  absolute  number  of  atoms  of 
each  element  present,  we  must  have  given  another  condition; 
namely,  the  sum  of  the  weights  of  the  atoms,  or,  in  other  words, 
the  molecular  weight  of  the  substance.  When' this  is  known, 
the  problem  can  at  once  be  definitely  solved. 

Suppose  we  have  given  the  percentage  composition  of  alcohol, 
as  above,  and  also  the  further  fact  that  its  molecular  weight  is 
46.    We  can  then  at  once  make  the  proportions 

100  :  52.18  =  46  :  a:  =r  24,  the  weight  of  the  atoms  of  carbon ; 
100 :  13.04  =  46  :  a  =    6,        «  "  «,      hydrogen; 

100 :  84.78  =  46  : « =  16,        «  "  «        oxygen. 

Then  it  follows  that 
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a  =  2,  ihe  number  of  atonu  of  carbon  in  one  molecule ; 
f  =  6,        **         **         *^        hydrogen  in  one  molecule; 
^f  =  1,        "         "         "        oxygen  in  one  molecule. 

It  is  evident  from  this  example,  that,  in  order  to  determine 
exactly  the  symbol  of  a  compound,  we  must  know  at  least  its 
approximate  molecular  weight  Evidently  it  is  not  essential 
that  we  should  know  the  exact  molecular  weight,  but  only  that 
we  should  know  the  value  with  sufficient  accuracy  to  enable  us 
to  select  between  a  few  possible  multiples.  Thus,  in  the  case 
of  alcohol,  the  molecular  weight  must  be  either  23,  or  a  mul- 
tiple of  23,  and  a  very  rough  approximation  to  its  value  will 
enable  us  to  decide  this  question.  When  the  substance  is  a  gas, 
or  is  capable  of  being  changed  into  vapor,  tvithout  decomposition, 
we  can  easily  determine  its  approximate  molecular  weight  by 
the  principle  of  §  18,  that  is,  by  doubling  its  specific  gravity 
referred  to  hydrogen;  and  for  all  the  problems  given  in  this 
book  which  deal  only  with  the  common  gases  and  vapors,  the 
molecular  weight  can  be  at  once  taken  from  Table  III.  If 
we  are  dealing  with  a  new  substance,  we  must  determine  its 
specific  gravity  experimentally  bj  one  of  the  methods  already 
described. 

When,  on  account  of  the  fixed  nature  of  the  substance,  the 
last  mode  of  investigation  is  impossible,  we  can  still  frequently 
draw  trustworthy  conclusions  in  regard  to  its  molecular  weight 
after  studying  the  chemical  reactions  into  which  the  substance 
enters,  and  thus  comparing  it  with  substances  whose  molecular 
weights  are  known.  The  methods  used  in  such  cases  will  be 
described  hereafter,  and  then  the  validity  of  the  conclusion  can 
be  better  appreciated ;  but  even  when  all  such  means  fail,  we 
can  nevertheless  always  find  which  of  all  possible  symbols 
expresses  the  composition  of  the  substance  we  are  studying  in 
the  simplest  terms,  in  other  words,  with  the  fewest  number  of 
atoms  in  the  molecule.  Suppose  the  substance  to  be  cane  sugar, 
which  cannot  be  volatilized  without  decomposition,  and  of  which 
no  reaction  is  known  which  gives  any  definite  clew  to  its  mo- 
lecular weight  P^got's  analysis,  cited  on  page  9,  shows  that 
it  contains,  in  100  parts,  42.06  parts  of  carbon,  6.50  parts  of 
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hydrogen,  and  51.44  parts  of  oxygen.    Assume  for  the  moment 
that  the  molecular  weight  is  equal  to  100,  then 

42  06 

-—^  =s  3.50,  the  niunher  of  atoms  of  carbon ; 
^=6.50,        "         «  "        hydrogen; 

H:|^=3.22,        "  "  «        oxygen. 

This  would  be  the  number  of  atoms  of  each  element  if  the 
sum  of  the  atomic  weight  —  that  is,  the  molecular  weight  — 
of  sugar  were  equal  to  100.  As,  from  the  very  definition,  frac- 
tional atoms  cannot  exist,  these  numbers  are  impossible,  but  any 
other  possible  number  of  atoms  must  be  either  a  multiple  or  a 
submultiple  of  the  numbers  found ;  and  we  can  easily  discover 
the  fewest  number  of  whole  atoms  possible,  by  seeking  for  the 
three  smallest  whole  numbers  which  stand  to  each  other  in  the 
relation  of  3.50  :  6.50  :  3.22,  a  proportion  which  is  very  nearly 
satisfied  by  12  :  22  :  11.  Hence,  the  simplest  possible  symbol 
is  Cyfl^Oi^ ,  and  this  has  been  adopted  by  chemists  as  the  sym- 
bol of  cane  sugar,  although,  from  anything  we  as  yet  know,  the 
symbol  may  be  a  multiple  of  this.  If  now,  taking  this  symbol 
as  our  starting-point,  we  calculate  the  percentage  composition 
which  would  exactly  correspond  to  it,  we  obtain  the  following 
results,  which  we  have  arranged  in  a  tabular  form,  so  that  the 
student  ntay  compare  the  theoretical  composition  with  the  num- 
bers P^ligot  obtained  by  actual  analysis. 

Oompoiltlon  of  Cano  Susary 


^it^tfiw 

Theoretkal. 

PtfUgot*!  Analjrii. 

Carbon, 

42.11 

42.06 

Hydrogen, 

6.43 

6.60 

Oxygen, 

51.46 

51.44 

100.00  100.00 

The  difierence  between  the  two  is  now  seen  to  be  within  the 
probable  errors  of  analysis,  and  this  example  illustrates  the 
method  of  arranging  analytical  results  generally  adopted  by 
chemists. 


64  ST0CHIOM£TBY.  [\  S4. 

From  the  abo^e  diBeoBnon  we  can  easily  deduce  a  simple  arithmeti- 
cal rule  for  finding  the  symbol  of  a  compoipd  when  its  percentage 
composition  is  known.  But  this  rule  may  he  best  expressed  in  an 
algebraic  formula,  which  will  show  to  the  eye  at  once  the  relation  of 
the  quantities  inyolved  in  the  calculation,  and  enable  us  to  extend  our 
method  to  the  solution  of  many  classes  of  problems  which  we  might  not 
otherwise  foresee.     Let  us  then  represent 

By  M  the  weight  of  any  chemical  compound  in  grammes. 
'^  m  the  molecular  weight  of  the  compound  in  microcritbs. 
**   W  the  weight  of  any  constituent  of  that  compound,  whether  ele- 
ment or  compound  radical,  in  grammes. 
*'  w  the  total  atomic  weight  of  element  or  radical  in  one  molecule. 

Then 

!!  =r  proportion  by  weight  of  the  constituent  in  the  compound, 
and 
if  -  =  weight  of  constituent  in  If  grammes  of  compound,  or 

ir=:Jf-.  [28] 

Any  three  of  these  quantities  being  given,  the  fourth  can,  of  course^ 
be  found.    Thus  we  may  solve  four  classes  of  problems : — 

1st.  We  may  find  the  weight  of  any  constituent  in  a  giv6n  weight 
of  a  compound,  when  we  know  the  molecular  weight  of  the  compound 
and  the  total  atomic  weight  of  the  constituent  in  one  molecule. 

Problem.  It  is  required  to  find  the  weight  of  sulphuric  ^anhydride, 
SO^f  in  4  grammes  of  plumbic  sulphate,  FbO,SO^.  Here,  t<r=32  +  3 
X  16  =  80,  m  =  207  +  16  +  80  =  303,  and  if  =4. 

Ans.  1.056  grammes. 

2d.  We  can  find  the  weight  of  a  compound  which  can  be  produced 
from,  or  corresponds  to,  a  given  weight  of  one  of  its  constituents,  when 
the  same  quantities  are  known  as  above. 

Problem.  How  many  grammes  of  common  crystallized  green  vitriol, 
FeSO^.  7  ff^Of  can  be  made  firom  5  grammes  of  iron)  Here,  u'  =  56, 
i»=278,  W=z  5.  Ans.  24.821  grammes. 

3d.  We  can  find  the  molecular  weight  of  a  compound  when  we  have 
given  the  weight  of  one  constituent  in  a  given  weight  of  the  compound, 
and  the  total  atomic  weight  of  that  constituent  in  the  molecule. 
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Prol^om.  In  7.5  grammes  of  ethylic  iodide^  there  are  6.106  grammee 
of  iodine;  the  total  atomic  weight  of  iodine  in  one  molecule  is  127. 
What  is  the  molecular  weight  of  ethylic  iodide  1  Ans.  156. 

4th.  We  can  find  the  total  atomic  weight  of  one  constituent  of  a  mole- 
cule when  the  molecular  weight  is  given,  and  also  the  weight  of  the 
constituent  in  a  known  weight  of  the  compound. 

Prohlem.  The  molecular  weight  of  acetic  acid  is  60;  the  per  cent  of 
carbon  in  the  compound,  40.  What  is  the  total  atomic  weight  of  car- 
bon in  one  molecule  1  Ans.  24. 

Whence  number  of  carbon  atoms  in  one  molecule,  2. 

The  last  problem  is  essentially  the  same  as  that  of  finding  the  sym- 
bol of  a  compound  when  its  percentage  composition  is  given,  while  the 
first  corresponds  to  the  reverse  problem  of  deducing  the  percentage 
composition  from  the  symbol.  By  a  slight  change  the  formula  can  be 
much  better  adapted  to  this  class  of  cases.  For  this  purpose  we  may 
put  M=100,  since  we  are  solely  dealing  with  per  cents,  and  also  put 
vf=zna,  where  a  stands  for  the  atomic  weight  of  any  element,  and  n 
for  the  number  of  atoms  of  that  element  in  one  molecule  of  the  com- 
pound we  are  studying.    We  then  have 

Tr=100^andn  =  -^-.  [29] 

m  100  a  ••     "* 

The  first  of  these  forms  is  adapted  for  calculating  the  per  cent  of  each 
element  of  a  compound  when  the  molecular  weight,  the  number  of 
atoms  of  each  element  in  one  molecule,  and  the  several  atomic  weights, 
are  known;  and  it  is  evident  that  all  these  data  are  given  by  the 
chemical  symbol  of  the  compound.  The  second  of  these  forms  enables 
us  to  calculate  the  number  of  atoms  of  each  element  present  in  one 
molecule  of  a  compound  when  the  percentage  composition,  the  molecu- 
lar weight,  and  the  several  atomic  weights,  are  known,  and  illustrates 
the  principle  before  developed,  that  the  molecular  weight  is  an  essen- 
tial element  of  the  problem. 

25.  Stoohlometrioal  Problems. -—The  principles  of  the  pre- 
▼ioas  section  apply  not  only  to  single  molecular  formulse,  but 
obviously  may  also  be  extended  to  the  equations  which  repre- 
sent chemical  changes.  Since  the  molecular  symbols  which  are 
equated  in  these  expressions  represent  known  relative  weights^ 
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it  must  be  true  in  every  case  that  we  can  calculate  the  ^freight 
of  either  of  the  factors  or  products  of  the  chemical  change  rep- 
resented, provided  only  that  the  weight  of  some  one  is  known. 
If  we  represent  by  w  and  m  the  total  atomic  weight  of  any  two 
symbols  entering  into  the  chemical  equations,  and  J^y  W  and  M 
the  weight  in  grammes  of  the  fiactors  or  products  which  these 
symbols  represent,  then  the  simple  algebraic  formulae  of  the 
last  section  will  apply  to  all  stochiometrical  problems  of  this 
kind,  as  well  as  to  those  before  indicated.  These  formulae,  how- 
ever, are  merely  the  algebraic  expression  of  the  familiar  rule  of 
three,  and  all  stochiometrical  problems  are  solved  more  easily 
by  this  siinple  arithmetical  rule.  Using  the  word  symbol  to 
express  the  sum  of  the  atomic  weights  it  represents,  we  may 
state  the  rule  as  applied  to  chemicid  problems  in  the  following 
words :  — 

Express  the  reaction  in  the  form  of  an  equation  ;  make  then  the 
proportion^  As  the  symbol  of  the  substance  given  is  to  the  symbol  of 
the  substance  required,  so  is  the  weight  of  the  substance  given  to  the 
weight  of  the  substance  required;  reduce  the  symbols  to  numbers, 
and  calculate  the  value  of  the  unknoum  quantity,  represented,  as 
usual,  by  x. 

This  rule  applies  equally  well  to  all  problems,  like  those  of 
the  last  section,  in  which  the  elements  or  radicals  of  the  same 
molecular  symbol  are  alone  involved ;  only  in  such  cases  there 
is  of  course  no  equation  to  be  written.  A  few  examples  will 
illustrate  the  application  of  the  rule. 

Problem  1.  We  have  given  10  kilogrammes  of  common  salt,  and  it 
is  required  to  calculate  how  much  hydrochloric  acid  gas  can  be  obtained 
from  it  by  treating  with  sulphuric  acid.  The  reaction  is  expressed  by 
the  equation 

{2NaCl  +  II^SO^  +  Aq)  =  {ya^SO^  +  Aq)  +  231(3^. 

If  now  we  find  the  total  molecular  weiglits  of  each  substance  by  add- 
ing together  the  atomic  weights  which  the  symbols  represent,  as  already 
fully  explained,  we  deduce  the  following  proportion, 

2 NaCl :  2 HCl  =  10  :  xs  Ans.  6.239  kilogiammes ; 
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which  simply  states  that  as  117  parts  of  sodic  chloride  yield  73  parts 
of  hydrochloric  acid  gas,  so  10  kilogrammes  of  the  salt  will  yield  6.239 
kilogrammes  of  the  acid. 

Prohlem  2.  It  is  required  to  calctdate  how  mach  sulphuric  acid 
and  nitre  must  he  used  to  make  250  grammes  of  the  strongest  nitric 
acid.    The  reaction  is  expressed  hy  the  equation 

KNO^  +  H^SO^  =  KHSO^  +  HNO^, 

whence  we  get  the  proportions 
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HNO^ :  H^O^  —  250  :  x  =  388.9  grammes  sulphuric  acid,  1st  Ans. 

HNO^ :  KNO^  =  250  :  a;  =  401.2  grammes  nitre,  2d  Ans. 

The  student  should  also  solve  hy  the  same  rule  the  prohlems  given 
in  the  foregoing  section. 

26.  Qay-LuMMo's  Zaaw.  —  This  eminent  French  chemist  was 
the  first  to  state  clearly  the  important  truth,  that,  when  gases 
or  vapors  react  on  each  other,  the  volumes  both  of  the  factoro 
and  of  the  products  of  the  reaction  always  bear  to  each  other 
some  very  simple  numerical  ratio.  This  truth  is  generally 
known  as  the  law  of  Gay-Lussac,  but,  since  the  principle  is  a 
direct  consequence  of  the  molecular  theory,  it  is  best  studied  in 
that  relation.  It  is,  as  we  have  seen,  a  fundamental  postulate 
of  the  theory  that  equal  volumes  of  all  substances,  when  in  the 
aeriform  condition,  contain  the  same  number  of  molecules.  Hence 
it  follows,  that  the  volumes  of  all  single  molecules  are  the  same, 
and,  if  we  take  this  common  volume  as  our  unit  of  measure,  it 
follows,  further,  that  the  total  molecular  volume  represented  by 
any  symbol  is  always  equal  to  the  number  of  molecules.  We 
are  thus  led  to  a  most  important  fact,  which  gives  an  additional 
meaning  to  our  chemical  symbols,  for  it  appears  that  every 
chemical  eqruitiony  when  properly  larUten,  represents  not  only  the 
relative  weights^  hut  also  the  relative  volumes  of  its  factors  and 
prodtLcts,  when  in  the  stale  of  gas. 

This  principle  is  illustrated  by  the  following  equations :  — 
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The  squares,  which  here  serve  to  indicate  equal  volumes,  and 
to  impress  on  the  mind  this  additional  meaning  which  we  shall 
now  attach  to  our  molecular  symbols,  are  evidently  unnecessary, 
and  will  not  be  used  hereafter. 

The  important  rule  of  the  last  section  may  be  expressed  by  the  fol- 
lowing proportion :  — 

nm  :  n'm'  =  IT  :  fT'  =  W  :  W. 

Here  m  and  mf  represent  the  molecular  weights  of  any  two  subetanceSy 

n  and  »'  the  number  of  molecules  of  these  substances  which  take  part 

in  a  chemical  reaction,  whether  as  factors  or  products,  while  n  m  and 

nfm/  represent  what  in  the  statement  of  our  rule  we  have  called  the 

iymboU  of  the  iubstancea,  and  the  equation  expresses  the  fact  that  the 

sum  of  the  atomic  weights  indicated  by  the  symbols  is  proportional 

to  the  weights  of  the  substances  involved  in  the  chemical  reaction, 

whether  these  weights  are  estimated  in  grammes  or  in  criths  (§  2). 

Now  by  (§  18),  fi»'  =  2  Sp.  Gr.,  and  by  [3],  W  =  V  x  Sp.  Gr. 

Making  these  substitutions,  we  may  reduce  the  above  proportion  to  the 

following  form :  — 

Jni»:n'=W:V, 

and  this  gives  us  another  stochiometrical  rule  by  which  we  can  calcu- 
late the  ffolume  of  a  gas  or  vapor  involved  in  a  chemical  reaction,  when 
the  weight  of  some  other  factor  or  product  is  known,  or,  inversely,  when 
the  volume  is  given,  calculate  the  weight. 

Express  the  reaction  in  an  equation ;  make  then  the  proportum^ 
As  one  half  of  the  symbol  of  the  first  substance  is  to  the  number  of 
moUcvles  of  the  second,  so  is  the  weight  in  criths  of  the  first  to  the 
volume  in  litres  of  the  second ;  reduce  the  syTnbol  to  numbers^  and 
ccUeulate  the  value  of  the  unJcTuyum  guaniUy. 

This  rule  has  the  same  general  application  as  the  first,  and  a 
few  examples  will  illustrate  the  use  of  it. 
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Problem  1.  How  much  chlorate  of  potash  must  be  uaed  to  obtain 
one  litre  of  oxygen  gaa  t    The  reaction  ia  expressed  by  the  equation 

whence  we  get  the  proportion 

ifl.e 
i{2KClO^):3^x:l.      a?  =  40.9  criths. 

40.9  X  0.0896  =  Ana.  3.664  grammes. 

Problem  2.  How  many  litres  of  oxygen  gas  can  be  obtained  firom 
500  grammes  of  chlorate  of  potash  1  The  reaction  is  the  same  as  before, 
but  in  this  case  the  grammes  must  first  be  reduced  to  criths.  The 
proportion  will  then  be  written 

^C/(?3:3  =  -^  :a:  =  Ans.  136.6  Utres. 

Problem  3.  How  many  litres  of  ammonia  gas  NJST^  are  contained 
in  20  grammes  of  ammonic  chloride,  NH^-HGl%  Here  we  require  no 
equation ;  for  the  symbol  itself  gives  at  once  the  proportion 

\NH.Cl:\  =  rr^:x=kaB.  8.343  Utrea. 

In  applying  the  rules  of  this  chapter  to  the  solving  of  stochio- 
metrical  problems,  the  student  should  carefully  bear  in  mind, 
first,  that  the  rule  of  §  25  applies  to  all  those  cases  in  which  the 
weight  of  one  substance  is  to  be  calculated  from  the  weight  of 
another ;  secoruUyt  that,  when  volume  is  to  be  deduced  from  vol- 
ume, the  answer  can  be  found  by  mere  inspection  of  the  equation 
according  to  the  principles  stated  in  §  26 ;  and  thirdly,  that  the 
rule  on  page  68  applies  only  to  those  problems  in  which  volume 
is  to  be  calculated  from  weight,  or  the  reversa  In  using  this 
last  rule  it  must  be  remembered  that  the  "  first  substance "  is 
always  the  one  whose  weight  is  given  or  sought,  while  the  **  sec- 
ond substance"  is  always  the  one  whose  volume  is  given  or 
sought.  It  is  evident,  however,  that  the  volume  of  any  aeri- 
form factor  or  product  may  also  be  found  by  dividing  the 
weight  in  grammes  —  calculated  by  the  rule  of  §  25  —  by  the 
known  weight  of  one  litre  of  the  gas  or  vapor,  and,  on  the  other 
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hand,  that,  if  the  volume  of  the  aeriform  factor  or  product  is  first 
reduced  to  weight,  the  same  simple  rule  may  be  used  for  calcu- 
lating weight  from  volume. 

In  solving  stochiometrical  problems  involving  both  weights 
and  volumes,  the  last  method  will  probably  be  preferred  because 
it  is  the  more  obvious  one,  and  it  becomes  therefore  important 
to  state  in  this  connection  how  the  weight  in  grammes  of  one 
litre  of  a  gas  or  vapor  may  be  found. 

The  weight  in  grammes  of  one  litre  of  a  gas  or  vapor,  under 
the  standard  conditions  of  temperature  and  pressure,  is,  by  [2], 

W  =  0.0896  Sp.  Gr., 

or,  since  the  specific  gravity  of  a  gas  or  vapor  referred  to  hydro- 
gen is  approximately  one  half  the  molecular  weight,  we  have 

also 

W  =  0.0896  X  i  «t. 

When,  therefore,  either  the  specific  gravity  or  the  molecular 
weight  of  an  aeriform  substance  is  given,  or  when  the  symbol 
of  the  substance  is  known,  from  which  we  can  of  course  at  once 
determine  the  molecular  weight,  it  is  very  easy  to  calculate  the 
weight  of  one  litre  of  the  gas  or  vapor  in  grammes.  In  order  to 
facilitate  such  calculations,  we  have  given  in  Table  III.  the 
logarithms  of  the  half-molecular  weights  of  all  the  more  common 
gases  and  vapors,  and  among  the  constant  logarithms  on  the  last 
page  of  the  book  will  be  found  the  logarithm  of  0.0896,  which  is 
8.9522.  By  adding  this  constant  to  the  logarithms  given  in  the 
table,  we  obtain  in  each  case  the  logarithm  of  the  weight  of  one 
litre  of  the  gas  or  vapor  named  in  grammes ;  that  is, 

log  W  =  8.9522  -f  log.  \  m. 

Thus,  for  example,  to  find  the  weight  of  one  litre  of  oxygen 
gas,  we  have 

8.9522  +  1.2041  =  0.1563,  the  log.  of  1.433  giammes. 

When  only  approximate  values  are  required,  we  may  take  the 
weight  of  a  litre  of  hydrogen  as  j^jf  of  a  gramme,  and  then  most 
problems  of  this  kind  may  be  solved  mentally. 
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Sj  Tiamg  logarithms  in  the  solution  of  stochiometrical  pioblems^  the 
labor  will  be  very  greatly  reduced,  and  we  give  an  additional  example 
of  a  problem  involving  both  weights  and  volumes  in  order  to  show 
how  the  calculation  is  best  arranged  when  made  by  the  method  last 
described. 

Problem.  How  many  litres  of  nitrous  oxide  gas  can  be  made  firom 
498.5  grammes  of  ammonic  nitrate  1 

498.5  log.  2.6976 

Nfi  44    log.  1.6435 

NJfffi^  80     ar.  co.  log.  8.0969 

\m  22     ar.  co.  log.  8.6576 

Constant  0.0896  ar.  co.  log.  1.0478 

Ans.  139.1  Htres       log.  2.1434 

It  must  not  be  forgotten  that  in  aU  such  problems  we  assume 
that  the  gas  volumes  are  measured  under  the  standard  condi- 
tions of  temperature  and  pressure,  and  in  the  case  of  vapors  this 
assumption  sometimes  involves  the  anomaly  that  the  substance 
cannot  retain  its  aeriform  condition  under  such  circumstances. 
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1.  What  is  the  molecular  weight  of  plumbic  sulphate,  PlrOfSO^% 
Of  ammonia  alum,  {NH^^,  [Al^^SO^^.  UHfi%  Of  calcic  phos- 
phate, Ca40^PO\'\  Ans.^  303,  906.8,  and  310. 

2.  What  are  the  molecular  weights  of  the  symbols 

Ans.  180,  1390,  and  967.4. 

3.  Are  the  total  atomic  weights  of  the  two  members  of  the  follow- 
ing reaction  equal) 

Fe  -h  {H^SO^  +  Aq)  =  {FeSO^  +  Aq)  +  H-H. 

Ans.  The  total  weight  of  each  member  of  the  equation  is  1 54. 

4.  Calculate  the  percentage  composition  of  ammonic  chloride, 
NHfiU        Ans.  Nitrogen,  26.17;  Hydrogen,  7.48;  Chlorine,  66.35. 
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5.  Calcnlate  the  percentage  oompoBition  of  nitrobenzol,  C^ffgNO^ 

Ans.  Carbon,  58.53;  Hydrogen,  4.07;  Nitrogen,  11.39 ;  Oxygen, 
26.01. 

6.  Given  the  percentage  composition  of  chloroform  as  follows  : 
Carbon,  10.04;  Hydrogen,  0.83;  Chlorine,  89.13.  Kequired  the 
symbol,  knowing  that  the  Sp.  Gr.  of  chloroform  vapor  equals  59.75. 

Ans.  CHCl^ 

7.  Given  the  percentage  composition  of  stanno-diethylic  bromide 
as  follows:  Tin,  35.13;  Carbon,  14.29;  Hydrogen,  2.97;  Bromine, 
47.61.  Eequired  the  symbols,  knowing  that  the  Sp.  Gr.  of  the  vapor 
equals  168.  Ans.  SnC^H^^fir^ 

8.  Given  the  percentage  composition  of  ethylene  chloride  as  fol- 
lows: Carbon,  24.24;  Hydrogen,  4.04;  Chlorine,  71.72.  Eequired 
the  symbol,  knowing  that  the  Sp.  Gr.  of  the  vapor  equab  49.5. 

Ans.  C^Hfil^ 

9.  Given  the  percentage  composition  of  cream  of  tartar  as  follows : 
Potassium,  20.79 ;  Hydrogen,  2.66;  Carbon,  25.52 ;  Oxygen,  51.03. 
Bequired  the  simplest  symbol  possible.  Ans.  KHfifi^ 

10.  Given  the  percentage  composition  of  crystallized  ferrous  sul- 
phate as  follows:  Iron,  20.15;  Sulphur,  11.51;  Oxygen,  23.02; 
Water,  45.32.     Eequired  the  simplest  symbol  possible. 

Ans.  Estimating  the  number  of  molecules  of  water  (^0),  as  if 
water  were  a  fourth  element  with  an  atomic  weight  of  18,  we 
get  FtSO^ .  7  Hfi. 

11.  The  percentage  composition  of  morphia  according  to  Liebig's 
analysis  is,  —  Carbon,  71.35;  Hydrogen,  6.69;  Nitrogen,  4.99;  Oxy- 
gen (by  loss),  16.97.  What  is  the  symbol  of  this  alkaloid,  and  how 
closely  does  this  symbol  agree  with  the  results  of  analysis  1 

Ans.  The  symbol  C^^Hy^NO^  would  require  71.58  Carbon,  6.66 
Hydrogen,  4.91  Nitrogen,  and  16.85  Oxygen. 

12.  It  is  required  to  find  the  weight  of  phosphorus  in  155  kilo,  of 
calcic  phosphate  (Ca^Pfi^.  Ans.  31  kilo. 

13.  It  is  required  to  find  the  weight  of  sulphuric  anhydride  {SO^ 
in  284  kilo,  of  sodic  sulphate,  Na^O^  Ans.  160  kilo. 
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14.  How  many  grammee  of  plombio  sulphate  (Pb'SOJ  can  be  made 
from  2.667  grammes  of  solphniic  anhydride  (SO^)  1 

Ana.  10.1  grammes. 

15.  How  many  grammes  crystallised  cupric  sulphate  (CuSO^ .  5  B^O) 
will  yield  317  grammes  of  copper!  Ans.  1,247  grammes. 

16.  Eequired  the. total  molecular  weight  of  crystallized  sodic  phos- 
phate,  knowing  that  71.6  parts  of  the  salt  contain  9.2  parts  of  sodiimi, 
and  that  the  total  atomic  weight  of  sodium  in  one  molecule  of  the 

compound  is  46.  Ans.  358. 

* 

17.  The  molecular  weight  of  potassio  nitrate  is  101.1,  and  2.359 
grammes  of  the  salt  contain  1.120  grammes  of  oxygen.  What  is  the 
total  atomic  weight  of  oxygen,  and  also  the  number  of  oxygen  atoms 
in  one  molecule) 

Ans.  Total  atomic  weight,  48,    No.  of  oxygen  atoms,  3. 

18.  How  much  nitric  acid  {HNO^  is  required  to  dissolve  3.804 
grammes  of  copper  {Cu\  and  how  much  cupric  nitrate  (GuN^O^  and 
how  much  nitric  oxide  (NO)  will  be  formed  in  the  process)  The  reac- 
tion IB  expressed  by  the  equation 

3C»  +  (%HNO^  +  Aq)  =  {ZGuNfi^  +  4  jy^O  +  Aq)  +  25H®. 

Ans.  10.08  grammes  of  nitric  acid,  11.244  grammes  of  cupric  nitrate, 
and  1.20  grammes  of  nitric  oxide. 

19.  How  much  common  salt  {NaCt)  must  be  added  to  a  solution 
containing  30  grammes  of  argentic  nitrate  (AgNO^  in  order  to  throw 
down  the  whole  of  the  silver,  and  how  much  argentic  chloride  {AgCt) 
will  be  thus  precipitated  f 

{AgNO^  +  NaCl  +  Aq)  =  AgCl  +  {NaNO^  -h  Aq). 

Ans.  10.32  grammes  of  salt,  and  25.32  grammes  of  argentic  chloride. 

20.  How  many  litres  of  ammonia  gas  (USTlil,)  and  how  many  of 
chlorine  gas  (®1-<91)  are  required  to  make  one  litre  of  nitrogen  gas 
(Si'^Sf )  t  How  many  litres  of  hydrochloric  acid  gas  (31(91)  are  also 
formed! 

2  SVai,  +  3(91-<91  =:  6 IB^l  +  SSr^i?. 

Ans.  2  litres  of  ammonia  gas,  3  litres  of  chlorine  gas,  and  6  litres 
of  hydrochloric  acid  gas. 
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21.  How  many  litres  of  hydrochloric  acid  gas  (SI(91)  and  how  many 
of  oxygen  gas  {&®)  can  he  ohtained  from  one  litre  of  aqueous  vapor 
(IB,®),  and  how  many  litres  of  chlorine  gas  ((91-®1)  must  he  used  in 
the  process  f 

213,®+  2  (91-@1  =  4  SI(91  +  ®<D. 

Ans.  2  litres  of  hydrochloric  acid  gas,  ^  litre  of  oxygen  gas,  and  1 
litre  of  chlorine  gas. 

22.  How  many  litres  of  oxygen  gas  (®KD)  are  required  to  hum 
completely  (i.  e.  to  comhine  mth)  one  litre  of  alcohol  vapor  {&^Sl^®)^ 
and  how  many  litres  of  carhonic  anhydride  ((9®,)  and  how  many  of 
aqueous  vapor  (SI,®)  are  formed  by  the  process)  The  chemical  re- 
action which  takes  place  when  alcohol  hums  b  expressed  by  the 
equation 

(9,SI[8®  +  3  ®-®  =  2  O®,  +  3  m,®. 

Ans.  3  litres  of  oxygen  gas,  2  litres  of  carbonic  anhydride,  and  3 
litres  of  aqueous  vapor. 

23.  How  many  litres  of  oxygen  gas  are  required  to  bum  one  litre  of 
arseniuretted  hydrogen  (IS,^),  and  how  many  litres  of  arsenious 
acid  vapor  {^^®^  and  how  many  of  aqueous  vapor  are  formed  in 
the  process  f 

4IlI^  +  6®KD  =  i^4®9+63I,®. 

Ans.  1^  litres  of  oxygen  gas,  ^  litre  arsenious  acid  vapor,  and  1^ 
litres  of  aqueous  vapor. 

24.  What  is  the  weight  of  one  litre  of  each  of  the  aeriform  substances 
represented  by  the  following  symbols  1 

ffCl,        NH^        NO,        CO,        CO^        Cl'CU 
Ans.  1.635,       0.761,      1.344,     1.254,    1.971,       3.180. 

25.  How  many  litres  of  chlorine  gas  can  be  made  with  19.49 
grammes  of  manganic  oxide  {MnO^  1 

MnO,  +  (4  HCl  +  Ai)  =  {MnC\  +  2  ir,0  +  Aq)  +  Sl-OL 

Ans.  5  litres. 

26.  How  many  grammes  of  chalk  {CaCO^  are  required  to  yield  one 
litre  of  carbonic  anhydride  % 

CaCO,  +  (2  HCl  '¥Aq)^{CaCl^  +  Hfi  +  Aq)  +  CO,. 

Ans.  4.48  grammes. 
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27.  How  many  litres  of  bjdrochlorio  acid  gas  (HCt)  can  be  made 
with  8.177  kilogrammes  of  common  salt  (NaCt)  % 

(2  iTaCT  +  ir^O^  +  ii  j)  ===  (iTa^O,  +  it?)  +  2  ra®L 

Ans.  3120  litres. 

28.  How  many  grammes  of  ferrous  sulphide  {FtS)  are  required  to 
yield  568 cm.*  of  sulphuretted  hydrogen  {H^ ) 

FcS  +  {H^^  +  Aq)  =  {FeSO^  +  Aq)  -h  ByS. 

Ans.  2.24  grammes. 

29.  What  is  the  proof  that  the  symbol  of  water  is  Hfi%    See 

analysis  on  page  9,  and  find  vapor  density  in  Table  III. 

* 

30.  What  is  the  proof  that  the  symbol  of  alcohol  is  Cfifi  1  that  of 
acetic  acid,  CJSfi^  1  that  of  ether,  OJIyfl  t 


CHAPTER  VTL 


CHEMICAL  EQUIVALEKCT. 


27.  Chemioal  BqniTalanti.  —  If  in  a  solution  of  argentic  sul- 
phate we  place  a  strip  of  metallic  copper,  we  find  after  a  short 
time  that  all  the  silver  *has  separated  from  the  solution,  and  that 
a  certain  quantity  of  copper  has  dissolved  in  its  place. 

(Ag^O^  +  Aq)  +  Cu  =  {GuSO^  +  Aq)  +  Afr         [30] 

If  now  we  pour  off  the  solution  of  cupric  sulphate,  and  place 
in  this  solution  a  strip  of  metallic  zinc,  the  metallic  copper  in 
its  turn  will  all  separate,  and  to  replace  it  a  certain  amount  of 
zinc  will  dissolve. 

{CuSO^  +  Aq)  +  Zn  =  {ZnSO^  +  Aq)  +  Cu.  [31] 

Lastly,  if  we  pour  off  the  solution  of  zincic  sulphate,  and  place 
in  this  a  strip  of  metallic  magnesium,  the  zinc  will  in  Uke  man- 
ner be  replaced  by  magnesium. 

{ZnSO^  -h  Aq)  +  Mg  =  {MgSO^  +  Aq)  +  Zn.         [32] 

In  experiments  like  these,  we  can  by  proper  analytical 
methods  determine  the  relative  quantities  by  weight  of  the 
several  metals  which  thus  replace  each  other,  and  we  find  that 
they  are  always  the  same.  Thus,  if  our  first  solution  contained 
108  milligrammes  of  silver,  the  amount  of  each  metal  succes- 
sively dissolved  and  precipitated  would  be,  of  copper,  31.7  m.  g., 
of  zinc,  32.6  m.  g.,  of  magnesium,  12  m.  g.  Moreover,  if,  instead 
of  using  in  our  experiments  a  metallic  sulphate,  we  take  a  me- 
tallic chloride,  nitrate,  acetate,  or  any  other  compound  of  the 
metals,  we  find  that  the  same  definite  ratios  are  preserved,  at 
least  in  every  case  where  the  substitution  is  possible.  It  would 
appear  then  that  these  relative  quantities  of  the  several  metals 
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exactly  replace  each  other  in  all  such  cases.  They  are,  there- 
fore, regarded  as  the  chemical  equivalents  of  each  other,  in  the 
sense  that  they  are  capable  of  filling  each  other's  place. 

In  a  strict  sense,  two  quantities  of  different  elements  can  be 
said  to  be  equwalerU  only  when  they  are  actually  capable  of 
replacing  each  other  in  some  known  chemical  reaction;  but 
formerly  the  word  was  used  with  a  much  wider  significance, 
and  quantities  of  two  different  elements  were  said  to  be  equiva- 
lent if  they  had  been  proved  to  be  equivalent  to  the  same 
quantity  of  some  third  element  which  served  as  a  link  of  con- 
nection. In  this  way  an  equivalency  may  be  established  be- 
tween all  the  chemical  elements,  and  the  old  system  of  chem- 
istry w^  based  on  a  system  of  equivalency  so  determined.  If 
the  table  of  chemical  equivalents  on  this  old  system  is  com- 
pared with  a  table  of  atomic  weights  on  the  new,  it  will  be 
found  that  the  numbers  of  the  one  are  either  the  same  as  those 
of  the  other,  or  else  some  very  simple  multiples  of  them.  The 
one  set  of  numbers  can  be  used  in  all  stochiometrical  calcu- 
lations in  the  same  way  as  the  other,  and  on  the  old  system  the 
symbols  stand  for  equivalents,  as  in  the  new  they  stand  for 
atomic  weights.  The  equivalents  have  this  advantage,  that  they 
are  the  result  of  direct  experiments,  and  are  based  on  no  hy- 
pothesis  in  regard  to  the  molecular  constitution  of  matter.  But 
this  hypothesis  is  necessary,  in  order  to  correlate  a  large  number 
of  facts  which  modem  chemical  investigation  has  brought  to 
light,  and  when  once  made,  the  rest  of  the  system  follows  as  a 
necessary  consequenca 

28.  Qoantlvalenoe  or  Atomicity  of  the  Blementi.  —  If  now, 
startmg  with  the  atomic  weights  as  they  have  been  deter- 
mined or  assumed  in  Table  II.,  we  compare  together  the  different 
elements  from  the  point  of  view  taken  in  the  last  section,  it  will 
be  found  that,  while  in  some  cases  one  atom  of  one  element  is 
the  equivalent  of  one  atom  of  another,  in  other  cases  it  may  be 
the  equivalent  of  two,  three,  or  four  atoms.  Since  in  the  system 
of  this  book  the  symbols  always  stand  for  atomic  weights,  the 
relation  here  referred  to  is  made  evident  whenever  any  meta- 
thetical  reaction  .is  expressed  in  the  form  of  an  equation.    A 


78  QDABTIVALENGE  OB  ATOHICITT  OF  THE  ELEKENTS.      [§88. 

few  examples  will  illustrate  the  poin^  and  make  clear  what  is 
meant  The  reaction  of  aqueous  hydrochloric  acid  on  a  tJntF^n 
of  argentic  nitrate  is  expressed  by  the  equation, 

(IgNO^  +  HCl  +  Aq)  =  {HNO^  +  Aq)  +  AgCl,        [33] 

and  here  evidently  Ag  changes  places  with  H,  and  hence  one 
atom  of  silver  is  equivalent  to  one  atom  of  hydrogen.  Take 
now  the  reaction  of  dilute  sulphuric  acid  on  zinc,  which  is 
expressed  by  the  equation, 

Zn  H-  {H^O^  +  Aq)  =  (ZnSO^  +  M)  +  S-JH,         [34] 

and  it  will  be  seen  that  Zn  has  changed  places  with  ^^  and 
hence  that  one  atom  of  zinc  is  the  equivalent  of  two  atoms  of 
hydrogen.  Lastly,  in  the  reaction  of  water  on  phosphorous  tri- 
chloride, expressed  by  the  equation, 

ff^fffi^  +  PCl^  =  ZHCl-h  H.PO^  [35] 

Fhoapnofoof  Add. 

it  is  equally  evident  that  P  has  changed  places  with  Hg,  and 
hence  in  this  reaction  one  atom  of  phosphorus  is  equivalent 
to  three  atoms  of  hydrogen. 

This  relation  of  the  elements  to  each  other  is  called  by  Hof- 
mann  qiuintivalence ;  and  selecting  here,  as  in  the  system  of 
atomic  weights,  the  hydrogen  atom  as  our  standard  of  reference, 
the  atoms  of  different  elements  are  called  i^ntvalent,  bivalent, 
^nvalent,  or  ^t^o^i^nvalent,  according  as  they  are,  in  the  sense 
already  indicated,  equivalent  to  one,  two,  three,  or  four  atoms 
of  hydrogen.  These  terms  are  very  appropriate,  since  they  are 
all  derived  from  the  same  root  as  our  common  English  word 
equivalent,  which  best  expresses  the  fundamental  idea  that  un- 
derlies the  whole  subject  We  shall  therefore  adopt  them  in  this 
book,  and,  as  Hofmann  recommends,  designate  the  quantivalence, 
whenever  important,  by  a  Boman  numeral  placed  over  the  atomic 

symbol  thus :  — 

1  n  m  IT 

CI  0  N  O 
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In  most  cases,  however,  the  quantivalence  is  indicated  with 
sufficient  clearness  by  the  dashes  which  are  used  in  this  book 
to  separate  the  parts  of  a  molecular  symbol.  The  number  of 
these  dashes  is  always  the  same  as  the  quantivalence  of  the 
atoms,  or  groups  of  atoms,  on  either  side. 

With  these  additions  to  our  notation  we  are  able  to  express 
by  our  symbols  all  that  was  valuable  in  the  old  system  of  equiv- 
alents and  at  the  same  time  all  that  is  peculiar  to  our  modem 
theories. 

Precisely  the  same  relations  of  quantivalence  are  manifested 
even  more  fully  by  the  compound  radicals,  whenever  in  a  chemi- 
cal reaction  they  change  places  with  elementajy  atoms,  and  their 
replacing  value  is  indicated  in  the  same  way.  Thus,  in  the  fol- 
lowing reaction, 

cAcKJl  +  ^0-H^  H-Cl  +  H-OcJf^O  [361 

AM^Ifc  Chlorides  Water.  AoaOeAeUL 

the  radical  C^Hfi,  named  acetyl,  changes  places  with  one  atom 
of  hydrogen,  and  is  therefore  univalent,  while  in  the  next, 

ClbCl^  +  H^N:=z  3  HGl  +  OlhN  [37] 

Chlorofono.  Hjrdnwyanle  Add. 

the  radical  CH  is  as  evidently  trivalent 

The  quantivalence  of  an  element  or  radical  is  shown,  not  only 
by  its  power  of  replacing  hydrogen  atoms,  but  also  by  its  power 
of  replacing  any  other  atoms  whose  quantivalence  is  known. 
Thus,  as  is  shown  by  [30],  the  atom  of  copper  is  bivalent,  be- 
cause 63.4  m.  c.  of  this  metal,  the  weight  of  one  atom,  replaces 
216  m.  c.  of  silver,  which  is  the  weight  of  two  atoms,  and  these 
last  by  [33]  are  known  to  be  univalent.  Again,  it  is  shown  by 
[31]  that  the  atoms  of  zinc  are  bivalent,  because  65.2  m.  c.  of 
zinc,  or  one  atom,  replace  63.4  m.  c.  of  copper,  the  weight  of  an 
atom  just  shown  to  be  bivalent 

Moreover,  it  is  a  remarkable  fact,  which  has  a  most  important 
bearing  on  our  chemical  philosophy,  that  the  quantivalence 
of  an  element  or  radical,  as  shown  by  its  replacing  power,  cor- 
responds exactly  to  what  we  may  term  its  aiom-fixing  power, 
that  is,  to  its  power  of  holding  other  elements  or  radicals  in  a 
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molecule.  We  may  take  as  examples  the  molecules  of  four  very 
characteristic  compounds,  namely,  hydrochloric  acid,  water,  smr 
monia,  and  marsh  gas,  whose  symbols  may  be  written  thus :  — 


jfhi 

H,H^ 

H,H,B»N 

H.H,H,mc 

Hydrochlorle  Add. 

^.ter. 

AnunonUu 

IbnIiOM. 

By  these  symbols  it  appears  that,  while  the  univalent  atom  of 
chlorine  can  hold  but  one  atom  of  hydrogen,  the  bivalent  atom 
of  oxygen  holds  two,  the  trivalent  atom  of  nitrogen  three,  and 
the  quadrivalent  atom  of  carbon  four  atoms  of  the  same  element 
It  appears,  then,  that  the  Boman  numerals  or  dashes,  which  rep- 
resent the  replacing  power  of  the  atoms  or  radicals,  represent 
also  the  aUmrfixMig'pcnDer  of  the  same,  measured  in  each  case  by 
the  number  of  atoms  of  hydrogen,  or  their  equivalents,  with 
which  these  atoms  or  radicals  can  combine  to  form  a  single 
molecule.  On  account  of  the  importance  of  this  principle  we 
shall  extend  our  illustrations  to  a  number  of  other  compounds, 
and  the  student  should  carefully  compare  in  each  case  the  quan- 
tivalence  on  the  two  sides  of  the  dash  or  dashes,  which  mark  the 
atom-fixing  power  of  the  dominant  atom  in  the  molecule. 

II  II  II  II 

NarCl  K-I  C.HrBr  K-CN 

flodie  Chloride.     PolMrie  Iodide      JEtbyuo  Brorold*.        Polude  Qjaiild*. 

ini         nn-        ini  ini 

rot— Ic  Uydnto.   FtnmUe  Ozid*.      Nltrie  A«id.  AmUo  Add 

iiim        im  II         im 

Etbjlanuna  Titottyl-phoipliiDe.       MethylHlUiyfAinjl-aaiiiM. 

The  quantivalence  of  the  chemical  elements,  especially  as  in- 
dicated by  their  atom-fixing  power,  is  by  no  means  always  the 
same.  They  constantly  exhibit  under  different  conditions  an 
unequal  atom-fixing  power.    Thus  we  have 

SnCl^  and  SnCl^         PCl^  and  FCl^         NH^  and  NHfil 

n  IV  vm  n  vi 

OsCl^        OsCl^        OsO^        FeCl^        Ftfil^ 

In  its  different  conditions  of  quantivalence  the  same  element 
often  yields  compounds  which  differ  from  each  other  as  widely 
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as  the  compounds  of  different  elements,  and  hence  arises  a  great 
difficulty  in  classifying  the  elements,  for  the  same  element  in 
different  states  of  quantivalence  may  have  wholly  different  affini- 
ties and  relations.     Thus  the  ferrous  compoxmds  of  iron  which 

contain  Fe  are  wholly  unlike  the  f&rric  compounds  which  con- 

VI 

tain  \Fe^\  and  while  in  the  first  state  iron  is  closely  related  to 
magnesium,  in  the  last  state  it  must  be  classed  with  aluminum. 
A  still  more  striking  example  is  offered  by  the  element  manga- 
nese, which  in  its  extreme  conditions  of  quantivalence  is  related 
to  elements  as  unlike  each  other  as  zinc  and  chlorine.  As  a 
general  rule,  however,  one  of  the  possible  conditions  of  an  ele- 
ment is  more  common  and  stable  than  the  rest,  and  in  several 
cases,  as  with  hydrogen,  the  quantivalence  appears  to  be  abso- 
lutely invariable.  A  multitude  of  facts  illustrating  these  prin- 
ciples will  be  brought  to  notice  in  Part  II.  of  this  work. 

The  possible  degrees  of  quantivalence  of  an  elementary  atom 
are  usually  related  to  each  other  by  a  very  simple  law.  With 
few  exceptions  they  are  either  all  even  or  all  odd.  Thus  the 
atom  of  sulphur  may  be  sextivalent,  quadrivalent,  and  bivalent, 
but  is  never  trivalent  or  univalent ;  and,  on  the  other  hand,  the 
atom  of  nitrogen  may  be  quinquivalent,  trivalent,  and  univalent, 
but  not  quadrivalent  or  bivalent.  Atoms  like  those  of  sulphur, 
which  have  even  degrees  of  quantivalence,  have  been  called 
artiads,  while  those  having  odd  degrees,  like  nitrogen,  have  been 
called  perissads.  This  distinction  has  been  thought  to  be  one  of 
fundamental  importance ;  but  although  the  principle  in  general 
holds  true,  there  are  striking  exceptions  which  have  not  yet 
been  reconciled  with  the  theory. 

The  word  aiomicUy  is  used  by  some  authors  to  express  es- 
sentially the  same  atomic  relations  which  we  have  called  quan- 
tivalence, and  atoms  are  classed  as  monads,  dyads,  triads,  etc., 
according  to  the  number  of  univalent  atoms  they  replace  or 
bind  together.  These  terms  are  in  themselves  unobjectionable, 
but  they  are  usually  associated  with  a  theory  still  held  by  some 
chemists,  that  every  atom  has  a  fixed  and  invariable  atomicity 
which  is  its  essential  characteristic    Those  who  adopt  this  theory 

6 
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explain  the  phenomena  which  we  have  refeired  to  variable  quan- 
ti valence  by  various  assninptions  and  artifices,  forgetting  that  the 
whole  object  of  such  a  theory  is  to  classify  hcts,  and  that  it  has 
outlived  its  usefulness  as  soon  as  it  becomes  necessary  to  resort 
to  expedients  to  bring  the  facts  under  its  control.  We  therefore 
prefer  the  term  quantivalence  and  its  derivatives,  which  imply 
no  theory,  and  we  shall  use  the  terms  atofnicUy,  monadSy  dyads, 
etcs,  only  in  such  cases  as  those  described  in  the  next  section, 
where  the  quantivalence  is  invariable 

29.  ▲tomloity  or  Qnantivalanoe  of  Radicals.  —  When  in  the 
molecule  of  any  compound  the  dominant  or  central  atom  is 
united  to  as  many  other  atoms  as  it  can  hold  of  that  kind,  the 
molecule  is  said  to  be  saturated ;  thus, 

ffCl       Hfi        HJH       Hfi 

are  all  saturated  molecules;  for,  although  nitrogen  is  quinqui- 
valent, it  cannot,  without  the  intervention  of  some  other  atom 
or  radical,  hold  more  than  three  atoms  of  hydrogen.     While,  on 

the  other  hand,  the  molecules 

n  s  n 

CO  PCl^  SnCl^ 

are  not  saturated,  for  they  can  combine  directly  with  more  oxygen 
or  chlorine,  forming  thus  the  saturated  molecules 

CO,         PGl^         SnCl^. 

If  now  from  a  saturated  molecule  we  withdraw  one  or  more 
atoms  of  hydrogen,  or  their  equivalents,  the  rest  may  he  re- 
garded  as  a  compound  radical  ttnth  an  atomicity  equal  to  the 
numier  of  hydrogen  atoms,  or  their  equivalents,  withdrawn.  Thus, 
if  from  the  saturated  molecule  of  marsh  gas  H/J  we  withdraw 
one  atom  of  hydrogen,  we  get  the  radical  methyl  H^C,  which  is 
a  monad ;  if  we  withdraw  two  atoms,  we  have  the  radical  RjO, 
which  is  a  dyad ;  if  we  withdraw  three,  there  results  HC,  which 
is  a  triad ;  and  lastly,  if  we  withdraw  all  four,  we  fall  back  on 
the  tetrad  atom  of  carbon.  Again,  if  from  the  saturated  mole- 
cule of  nitric  anhydride  N^O^  we  withdraw  one  atom  of  the  dyad 
oxygen  0,  it  falls  into  two  atoms  of  NO^,  each  of  which  i9  a 
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monad.*  If  now  we  withdraw  from  NO^  one  of  its  remaining 
atoms  of  oxygen,  we  have  left  NO,  which  is  a  triad.  Lastly, 
a  molecule  of  sulphoric  anhydride,  SO^y  which  is  saturated, 
gives,  by  withdrawing  one  atom  of  oxygen,  SO^,  which  acts  as 
a  bivalent  radical  These  considerations  lead  us  to  a  simple 
rule,  first  stated  by  Wurtz,  which  in  almost  every  case  will 
enable  us  to  infer  the  atomicity  of  any  given  radical :  Th$ 
atomicity  of  a  eomjmmd  radical  is  always  equal  to  the  num^ 
ber  of  hydrogen  atoms,  or  their  eqmvalents,  which  the  rest  may 
be  regarded  as  having  lost. 

It  must  not  be  supposed,  however,  that  all  such  radicals  are 
possible  compounds.  In  a  few  cases  only  these  rests,  of  which 
we  have  been  speaking,  form  non-saturated  molecules,  which 
are  capable  of  existing  in  a  free  state,  like  those  of  carbonic 
oxide,  nitric  oxide,  and  sulphurous  oxida  At  other  times,  they 
are  compound  radicals,  which,  hy  doubling,  form  molecules 
that  can  exist  in  a  free  state,  as  those  of  cyanogen  gas,  and 
perhaps  also  of  some  hydrocarbons.  Again,  they  appear  as 
compound  radicals,  which  pass  and  repass  in  so  many  chem- 
ical reactions  as  to  almost  force  upon  us  the  belief  that 
they  have  a  real  existence,  and  represent  the  actual  group- 
ing of  the  atoms  in  the  compounds  of  which  they  seem  to 
be  an  integral  part  StiU  again,  and  even  more  frequently, 
they  can  only  be  regarded  as  convenient  feu^tors  in  a  chem- 
ical equation. 

QUESTIONS  AJSay  PBOBLEMS. 

1,  Analyze  the  following  metathetical  reactions,  showing  in  each 
case  how  many  parts  of  the  several  elements  are  equivalent  to  one 
part  by  weight  of  hydrogen,  and  also  to  how  many  atoms  of  hydro- 
gen one  atom  of  each  of  the  interchanging  elements  corresponds.  For 
the  atomic  weights  refer  to  the  table  on  page  266. 

*  As  in  many  of  its  chemical  relations  a  compound  radical  is  the  equivalent  of 
an  elementary  atom,  it  is  nanal  to  speak  of  atoms  of  a  radical,  although  the  usage 
implies  an  obvious  solecism. 
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« 

AleohfoL  PoteMliim.      FotaMlo  fiUiTiato. 

Walw.  Iffagnwk  Bjdrrte. 

Sb^O^ff^  +  3ffCl  =  SbCl^  +  zffoa 

AsfliBOiiIovM  Hjdnito.  AntfnMmloiM  Ghloiidft. 


4JBF0-^+ 


toChlocM*.    BUIeieldd. 


2.  Make  out  a  table  of  chemical  equiyalents  so  far  as  the  reactions 
of  this  chapter  will  enable  you  to  deduce  them  firom  the  atomic  weights 
given  in  Table  IL 

3.  Analyze  the  following  metathetical  reactions,  showing  in  each 
case  how  the  quantivalence  of  the  several  compound  radicals  involved 
in  the  metathesis  is  indicated. 

Water.  AectlcEdMr.  AoetteAdd.  AleohoL 

iK-iCN)  +  (C^H^Br.  =  {C.HMGK).  +  2  KBr 

Water.  QijMiylb  CUoridtb  OTjeeriiw.       BjdroeUoriOi 


Add. 


The  names  of  the  radicals  are  as  follows:  C^^Oy  Acetyl;  C^H^f 
Ethyl;  C,i^,  Ethylene;  C^H^,  Glyceryl;  CN,  Cyanogen. 

4.  What  is  the  atom-fixing  power  or  quantivalence  of  the  different 
atoms  and  radicals  in  the  following  symbols  ? 

Fotefrie  BulptttuliiiMndte.      Add  flodle  GubooateL  Ammonlfi  Mllrite. 

OmnidcL  Bneaiaainle  Add.  Tvtv  Eniatte  (dited). 

5.  If  ^0 ;  GJS^ ;  G^fi  (alcohol) ;  COOl^  (phosgene  gas) ;  C^fi^ 
(acetic  acid),  and  C^TI%0^  (oxalic  acid)  are  saturated  molecules,  what  is 
the  atomicity  of  the  radicals  HO  (hydroxyl);  C^H^  (ethyl);  (7^ 
(ethylene);  (7,27^0  (aldehyde) ;  (70  (carbonyl) ;  (7,/^ 0  (acetyl),  and 
(7,0,  (oxatyl)l 


CHAPTER  Vm. 


BTRUCTUBE  OF  MOLECULES. 


30.  Substltatlon.  —  When  acetic  acid  is  exposed  to  the 
action  of  chlorine  gas,  we  obtain  three  successive  products, 
which,  although  not  greatly  differing  from  the  original  com- 
pound in  their  chemical  relations,  are  found  on  analysis  to  have 
lost  a  certain  amount  of  hydrogen,  and  to  have  gained  an  equiva- 
lent amount  of  chlorine  in  its  place.    These  products  are,  — 

Acetic  Acid,  CJBfi^  or    {Cjsj)y0-H 

Chloracetic  Acid,       Cj^Hfit)0^     "     (G^JJlOyO-H 

Dichloracetic  Acid,    C^{H/!l^O^    "     (C^HCl^OyoA 

Trichloracetic  Acid,   C^{ffCQO^      "     (C^Ol^OyO-H 

As  the  symbols  indicate,  we  are  thus  able  to  replace  either 
one,  two,  or  three  of  the  four  atoms  of  hydrogen  which  the  mole- 
cule of  acetic  acid  contains  by  atoms  of  chlorine.  We  cannot, 
however,  thus  replace  the  fourth  atom ;  and  this  fact  seems  to 
prove  that  there  is  a  real  difference  between  this  atom  of  hydro- 
gen and  the  other  three;  that  is,  that  it  stands  in  a  different 
relation  to  that  atomic  structure  which  we  call  a  iDolecule  of 
acetic  acid.  This  difference  we  attempt  to  represent  by  the 
symbols  in  the  second  column  of  the  table  just  given ;  and 
although  the  student  will  not  as  yet  comprehend  the  full  mean- 
ing of  these  symbols,  he  can  easily  see  that  they  represent  the 
three  replaceable  hydrogen  atoms  as  standing  in  a  different  rela- 
tion to  the  molecule  from  that  of  the  fourth.  Moreover,  since 
all  of  these  products  resemble  the  original  substance  in  that  they 
yield,  when  treated  with  alkalies,  crystalline  salts  in  which  the 


86  IS0HORPBI8H.  [$  31. 

fourth  atom  of  hydrogeD  ia  replaced  by  an  atom  of  sodium,  potas- 
Biam,  or  ammonium,  as  the  case  may  be,  it  is  also  evident  that  the 
chemical  lelations  of  these  compoonds  must  depend  to  a  large 
extent  on  the  manner  in  which  the  atoms  are  combined,  and  not 
simply  on  the  qualities  or  proportions  of  the  elementary  sub- 
stances present  in  the  compound. 

Products  which  sustain  a  similar  relatitxi  to  the  compoond 
from  which  they  are  derived  are  called  substitution  products,  and 
it  was  the  study  of  such  substances  that  first  led  Dumas  to  the 
conception  of  what  he  called  ehemieal  types;  and  this  term  as  first 
used  was  intended  to  convey  the  idea  just  expressed  without 
defining  the  mode  of  combination.  It  had  previously  been  as- 
sumed that  the  qualities  and  relations  of  a  compound  depended 
solely  on  the  nature  and  proportions  of  its  constituents,  and  this 
conception  of  structure  opened  a  new,  and,  as  has  proved,  a  most 
fruitful  field  of  chemical  invest^tion. 

31.  iMmoiphlMB.  —  Closely  associated  with  the  facts  of  the 
last  section,  which  find  their  chief  manifestation  in  substances 
of  organic  origin,  are  the  phenomena  of  isomorphism,  which  are 
equally  conspicuous  among  artificial  salts  and  native  minerals. 
He  1.  There  seems  to  be  an  intimate  connection 

between  chemical  composition  and  crystal- 
line form,  and  two  substances  which  under 
a  like  form  have  an  analogous  composition 
are  said  to  be  isomorpJuitia.  Thus  the  fol- 
lowii^  minerals  all  crystallize  in  rhombo- 
hedrons  (Fig.  1).  which  have  very  nearly 
the  same  interfacial  angles,  and,  as  the 
symbols  show,  they  have  an  analogous  composition.  They  are 
therefore  isomorphoos. 

Calcic  Carbonate,  oi  Calcite,  C<pCO^ 

Magnesio  Carbonate,  or  Magnedte,  M^O^ 

Ferrous  Carbonate,  or  Chalybdite,  FrCO, 

Hanganous  CarboOBte,  or  Diallc^te,  XifCOt 

Zinciu  Carbonate,  or  Smithaonito,  ZipCO^ 

The  most  cursory  examination  of  these  symbols  will  show  that 
they  differ  from  each  other  only  in  the  fact  that  one  metallic 
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atom  lias  been  Teplaaed  by  another.  It  is  not,  however,  every 
metallic  atom  which  can  thos  be  put  in  without  altering  the 
form.  This  is  a  peculiarity  that  is  confined  to  certain  groups  of 
elements,  which  for  this  reason  are  called  groups  of  isomorphous 
elements.  Moreover,  as  a  rule,  there  is  a  close  resemblance  be- 
tween the  members  of  any  one  of  these  groups  in  all  their  other 
chemical  relations.  These  facts,  like  those  of  the  last  section, 
tend  to  show  that  the  molecules  of  every  substance  have  a  deter- 
minate stsucture,  which  admits  of  a  limited  substitution  of  parts 
without  undergoing  Essential  change,  but  which  is  either  de- 
stroyed or  takes  a  new  shape  when  in  place  of  one  of  its  con- 
stituents we  force  in  an  unconformable  element.  A  well-known 
class  of  artificial  salts,  called  the  alums,  affords  even  a  more 
striking  illustration  of  the  principles  of  isomorphism  than  the 
simpler  example  we  have  chosen;  but  all  the  bearings  of  the 
subject  cannot  be  imderstood  without  a  knowledge  of  crystal- 
lography, and  we  must  therefore  refer  for  further  details  to  works 
on  mineralogy. 

32,  Dominant  Atoms.  —  Assuming  that  the  weights  of  the 
atoms  have  been  previously  established  by  the  methods  of  Chap- 
ter IV.,  it  has  been  shown  in  Chapter  VII.  that  the  quantivalence 
of  an  atom  is  a  fact  of  observaidon.  When  now  we  add  to  this 
the  further  (act,  that  the  quantivalence  of  an  atom  is  the  measure 
of  what  we  have  called  its  atom-fixing  power,  we  are  naturally 
brought  to  the  conclusion  that  these  phenomena  are  merely 
different  manifestations  of  the  same  attribute  of  the  elementary 
atoms  by  virtue  of  which  each  is  able  to  bind  to  itself  a  limited 
number  only  of  other  atoms.  Thus  in  the  molecules  represented 

by  the  symbols 

I  n  m  rv 

ffOl         H^O         H^N        Efi 

in  which  the  number  of  univalent  hydrogen  atoms  indicates  the 
known  quantivalence  of  the  atoms  with  which  they  are  associated, 
we  must  regard  these  hydrogen  atoms,  not  as  united  with  each 
other,  but  as  severally  bound  to  what  we  may  call  the  doininant 
€Ltam  of  the  group.  It  appears  as  if  each  atom  had  a  certain 
definite  number  of  poles  or  points,  at  which  other  atoms  can  be 
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united  with  it,  and  that  its  possibHitiea  of  combination  are  lim- 
ited by  the  number  of  these  lands.  Conventionally  we  rep- 
resent these  bonds  by  dashes,  and  indicate  the  constitution  of 

the  above  molecules  thus :  — 

ff  H 

H  H 

It  will  be  noticed  that  the  conclusion,  simple  as  it  is,  which 
we  have  now  reached,  necessarily  involves  the  same  idea  of  mo- 
leciflar  structure  already  recognized  in  the  previous  sections. 
We  do  not  as  yet  assert  in  regard  to  these  hydrogen  atoms 
that  they  are  united  to  the  iomvMi'nJt  atom  of  the  molecule  in 
any  definite  relative  position,  and  the  configuration  of  our  sym- 
bol is  purely  fanciful  Indeed,  we  do  not  necessarily  conceive 
that  the  atoms  of  a  molecule  have  any  fixed  relative  position ; 
and  there  are  phenomena  which  would  lead  us  to  infer  that 
they  may  be  in  motion  among  themselves.  But  we  do  feel 
justified  in  the  conclusion,  that,  in  the  molecules  above  repre- 
sented, the  hydrogen  atoms  are  directly  united  to  the  dominant 
atom  which  forms  the  nucleus  of  the  group,  and  that  they  are 
not  united  to  each  other.  These  conclusions,  moreover,  are  greatly 
confirmed  by  the  fact,  that,  when  the  hydrogen  atoms  of  these 
molecules  are  replaced  by  atoms  of  a  different  kind,  it  is  always 
the  case  that,  while  a  univalent  atom  takes  the  place  of  a  single 
hydrogen  atom,  a  bivalent  atom  replaces  two,  a  trivalent  atom 
three,  and  a  quadrivalent  atom  four  such  atoms.     Thus  we  have 

HfitKI  HfilfO  HCliC         ClfO 

OClfi  &0^  ONH  ONCl 

It  is  not  easy  to  form  a  clear  conception  of  the  mode  of  action 
of  the  force  which  determines  such  definite  bonds  of  union  be* 
tween  various  atoms.  The  nearest  analogy  to  these  remarkable 
phenomena  is  that  presented  by  multiple  magnetic  poles,  and 
there  are  facts  which  suggest  the  idea  that  the  chemical  force 
which  binds  together  the  atoms  is  a  polar  force.  In  harmony 
with  this  conception  is  the  fact  already  referred  to,  that  the  dif- 
ferent degrees  of  quantivalence  of  the  same  atom  differ  in  most 
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cases,  if  not  always,  by  pairs.  In  such  cases  the  unused  bonds 
or  poles  of  the  dominant  atom  may  be  supposed  to  neutralize 
each  other,  like  two  opposite  poles  of  a  magnet  when  brought  in 
contact  or  united  by  an  armature,  as  is  indicated  by  the  symbols 
of  two  well-known  molecules, 

OOO  COO. 

When  to  each  of  the  bonds  of  a  multivalent  radical  is  united 
an  atom  of  the  same  kind,  as  for  example  in  the  molecules  JS^O 
and  ff^C,  we  cannot  —  at  present  at  least  —  distinguish  one  from 
the  other,  and  the  forces  exerted  at  the  several  points  appear  to 
be  in  all  respects  equal ;  but  when  the  atoms  united  to  the  nu- 
cleus are  not  all  alike,  then  at  once  a  marked  difference  becomes 
manifest  Thus  in  the  molecules  K-O-H  and  HfChCl  we  are 
able  to  prove  that  the  atom  of  potassium  in  the  first  case,  and 
the  atom  of  chlorine  in  the  second,  stand  in  a  very  different  rela- 
tion to  the  nucleus  of  the  molecule  from  that  sustained  by  the 
several  atoms  of  hydrogen. 

33.  Evidence  fomiahed  by  Chemioal  ReactionB.  —  Having 
established  in  the  last  section  the  fundamental  facts  in  rela- 
tion to  the  structure  of  molecules,  we  are  now  prepared  to 
understand  the  manner  in  which  our  knowledge  of  this  subject 
has  been  extended  by  the  evidence  of  chemical  reactions. 

According  to  Berthelot,  when  methylic  chloride  is  acted  on 
by  a  boiling  solution  of  potassic  hydrate  (substances  whose  sym- 
bols, H^CCl  and  KOH,  were  given  above),  the  two  well-known 
compounds  named  potassic  chloride  and  methylic  alcohol  can 
readily  be  identified  among  the  products  of  the  chemical  change. 
In  regard  to  the  molecular  weights  of  these  substances  there  is 
no  question,  and  from  these  weights,  in  connection  with  the  per- 
centage composition  of  the  compounds  furnished  by  analysis,  we 
at  once  deduce  by  §  24  the  symbols  KCl  and  CHfi,  Now  in 
r^aid  to  the  structure  of  the  first  molecule  there  can  be  no 
question.  It  consists  solely  of  two  univalent  atoms,  and  so  far  as 
relative  position  is  concerned  these  can  only  be  arranged  in  one 
way.  Then,  with  the  facts  already  known,  we  can  write  the  re- 
action of  the  process  just  described  thus :  — 
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when  it  becomes  evident  that  the  atom  of  potassium  has  changed 
place  with  the  radical  HjO^  and  hence  that  the  structure  of  the 
molecule  of  methylic  alcohol  must  be 

H 
EC' OH, 
H 

at  least  so  far  as  the  structure  is  represented  when  the  relative 
order  in  which  the  atoms  are  imited  is  indicated. 

Again,  if  potassic  hydrate  is  gently  heated  in  an  atmosphere 
of  carbonic  oxide,  CO,  a  slow  but  regular  absorption  of  the  gas 
takes  place,  and  a  well-known  salt,  called  potassic  formiate,  re- 
sults. As  the  molecular  weight  and  percentage  composition  of 
this  product  are  well  known,  there  is  no  question  about  its 
symbol,  and  we  can  write  the  reaction  by  which  it  is  formed 
thuS:  — 

K'0'H'\-  CO  =  K'O-COH. 

If  .now  we  take  into  account  the  known  quantivalence  of  the 
several  atoms,  and  also  the  facts  which  will  appear  hereafter^ 
that  both  in  carbonic  oxide  and  in  potassic  hydrate  the  oxygen 
atoms  are  united  to  the  potassium  and  carbon  atoms,  respectively, 
by  a  force  so  powerful  that  these  atoms  could  not  have  been 
parted  under  the  conditions  of  the  experiments,  we  find  that 
there  is  but  one  order  in  which  the  atoms  of  the  product  can 
be  grouped    This  order  is  shown  by  the  following  symbol :  — 

q 
K-oh-H. 

It  will  be  noticed  that,  while  in  this  group  the  potassium  and 
carbon  atoms  i^main  in  their  old  associations,  the  quantivalence 
of  all  the  atoms  is  satisfied. 

If  now  we  distil  with  sulphuric  acid  potassic  formiate,  the 
substance  obtained  in  the  last  reaction,  the  product  is  a  volatile 
liquid  called  formic  acid,  which,  when  pure,  is  known  to  have 
the  composition  and  molecular  weight  indicated  by  the  symbol 
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BjD^C.  This  substance,  when  treated  with  potassic  hydrate, 
gives  us  again  potassic  fonnate;  and  the  only  other  product 
of  the  reaction  is  water.    Hence  the  reaction  must  be 

O 

and  it  at  once  becomes  evident  that  the  structure  of  the  molecule 

of  formic  acid  is  represented  by  the  symbol 

t  •  » 

t        ■ 

q 

and  that  the  atom  of  hydrogen,  which  has  changed  place  with 

the  atom  of  potassium  in  this  reaction,  is  the  one  which  is  united 

to  the  atom  of  oxygen,  and  not  the  one  united  to  the  atom  of 

carbon. 

Comparing  now  the  structure  of  formic  acid  with  that  of 

methylic  alcohol, 

H 

FoRDle  Add.  KMliylie  AloohoL 

we  see  at  once  that  the  only  difference  is,  that  in  the  first  an 
atom  of  oxygen  has  the  place  of  two  of  the  hydrogen  atoms, 
which  are  united  to  the  carbon  nucleus  in  the  last 

Formic  acid  and  methylic  alcohol  are  the  first  members  of  two 
parallel  series  of  compounds,  of  which  only  the  four  succeeding 
members  in  eaich  series  are  given  in  the  following  table. 

Formic  Acid,  ffO-CHO  MethyUc  Alcohol,  SFO<lH^ 

Acetic  Acid,  H^CHJ^H^O  EtbyUc  Alcohol,  H-OC^^ 

Propionic  Acid,  H-OC^fi  Ptopylic  Alcohol,  H-OC^j 

Butyric  Acid,  H^O-CJI^O  ButyUc  Alcohol,  H-O-OJS^ 

Valerianic  Acid,  H-CHJ^H^O  Amylic  Alcohol,  HOO^H^^ 

In  order  to  interpret  the  structure  of  these  compounds,  we 
have,  in  the  first  place,  the  fact,  that  from  each  one  of  t^e  acids 
we  can  form  a  compound  with  potassium  by  a  reaction  in  every 
respect  similar  ta  that  by  which  potassic  formiate  was  obtained 
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abova  Moreover^  each  acid  is  related  to  the  corresponding 
alcohol  in  the  same  way  that  formic  acid  is  related  to  methjlic 
alcohoL  Hence  we  conclude  that  the  structure  of  all  these  com- 
pounds, both  acids  and  alcohols,  is  at  least  so  far  similar  that 
it  may  be  represented  in  every  case  by  the  general  symbol  H-O-R, 
in  which  R  stands  for  a  compound  radical  (§  23)  differing  in  each 
compoimd.  Moreover,  in  regard  to  these  compoimd  radicals, 
we  know  that  the  radical  of  the  acid  differs  from  the  radical  of 
the  alcohol  only  in  that  the  former  contains  an  atom  of  oxygen 
in  place  of  two  atoms  of  hydrogen  in  the  latter.  Comparing  next 
the  radicals  themselves,  with  a  view  of  discovering  the  structure 
of  this  portion  of  the  several  molecules,  we  notice  that  each  one 
differs  from  that  which  follows  next  in  the  series  by  CR^ ,  and 
hence  that  if,  in  the  symbol  of 

0 

Formic  Acid,    H-  ChC-H 

we  replace  the  hydrogen  atom,  which  is  united  to  the  carbon 
nucleus  by  the  radical 

H 

Methyl,  -C-H 

H 

we  shall  obtain  the  symbol  of 

OH 
Acetic  Acid,    H-O&C'H 

H 

Beplacing  a  corresponding  hydrogen  atom  of  acetic  add  by  the 
same  radical,  we  should  obtain 

OHH 

Propionic  Add,    H-OiJChC-H 

HH 

We  may  conceive  that  each  successive  member  of  the  series 
might  be  thus  obtained.  Moreover,  the  successive  alcohols  might 
be  derived  in  a  similar  way ;  and  it  is  obvious  that  the  theory  of 
the  structure  of  these  compounds,  which  Uus  possible  mode  of 
derivation  suggests,  satisfies  all  the  conditions  which  the  quantiva- 
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lenoe  of  the  several  atoms  reqaires.  Now  it  is  possible  to  derive 
each  of  the  radicals  we  have  been  considering  from  the  one  next 
above  it  in  the  same  series,  bj  such  substitutions  as  we  have 
indicated;  and  even  if  this  cannot  be  done  with  these  actual 
alcohols  and  acids,  it  can  be  done  with  compounds  derived  from 
them,  in  which  the  same  radicals  can  be  shown  to  exist 

The  symbol  of  valerianic  acid  can  be  arranged  in  four  ways, 
in  all  of  which  the  quantivalence  of  the  several  atoms  is  satis- 
fied, thus :  — 

H 
OHHHH  OH  Hh'H 


■  I 


S-0<!-€-0<Hhff  H-OC-C—  C-H 

EH  HE  E  EC-E 

I 

E 

E 
OEC-E  E  E 

Eob-C—O-E'  OEO-EEE 

EC-E  E  EOC  —  C  —  b-C-E 

*  III 

H  H     HH 

Now  these  four  symbols  correspond  to  four  different  compounds 
whose  reactions  leave  no  doubt  in  r^ard  to  the  order  in  which 
the  atoms  are  grouped  But  these  reactions  cannot  be  rendered 
intelligible,  nor  their  evidence  appreciated,  without  a  more  ex- 
tended knowledge  of  chemical  facts  than  can  here  be  assumed. 
Compounds  like  the  last^  whose  molecules  consist  of  the  same 
atoms  difiTerently  arranged,  are  said  to  be  isomeric^  and,  through 
the  study  of  such  isomers^  we  have  been  able  to  extend  very 
greatly  our  knowledge  of  molecular  structure.  This  subject  will 
be  developed  more  at  length  in  the  second  part  of  this  work,  in 
connection  with  the  compounds  of  carbon.  Our  only  object  in 
this  placi  is  to  explain  what  is  meant  by  molecular  structure, 
and  to  indicate  the  course  of  reasoning  by  which  we  seek  to 
establish  it 

34.  Stmotnna  or  Oraphlo  Bymbolfl. —  Chemical  formulas,  like 
those  of  the  last  few  sections,  l^  which  we  seek  to  indicate  the 
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order  in  which  the  atoms  are  united,  and  hence,  also,  the  manner 
in  which  a  complex  molecule  may  break  up,  are  called  sometimes 
^ruettiral  and  sometimes  graphic  gynibols,  and  are  to  be  distin- 
guished from  the  simpler  symbols  used  earlier  in  the  book,  which 
express  only  the  relative  proportions  in  which  the  elements  are 
combined,  and  which,  since  they  are  simply  expressions  of  the 
results  of  analysis  on  a  concerted  plan,  are  called  empirical  symbols. 
Whether  these  graphic  symbols  can  be  r^arded  in  any  sense 
as  indicating  the  actual  grouping  of  the  material  atoms  is  very 
doubtful,  although  facts  like  those  stated  above  would  seem  to 
indicate  that  such  may  be  the  case,  at  least  to  a  limited  extent 
It  is  difficult,  for  example,  to  resist  the  conclusion  that  in  alcohol 
and  its  congenei)9  the  atoms  C^H^  are  grouped  together  in  some 
sense  apart  from  the  rest  of  the  molecule ;  but  then  we  have  no 
evidence  of  this  grouping  apart  from  the  reactions  of  these  com- 
pounds, and,  until  greater  certainty  is  reached,  it  is  not  best  to 
attach  a  significance  to  our  symbols  beyond  the  truths  they  are 
known  to  illustrate.  • 

It  is  objected  to  the  use  of  graphic  symbols,  that  they  bias  the 
judgment  on  the  side  of  some  theory,  of  which  they  are  more  or 
less  the  exponents.  But  when  they  are  used  in  the  sense  stated 
above,  this  objection  has  no  force,  for  the  reactions  they  prefigure 
are  no  less  facts  than  the  definite  proportions  they  conventionally 
represent  Moreover,  as  science  advances,  we  have  every  reason 
to  believe  that  we  shall  gain  more  and  more  knowledge  of  the 
actual  relations  between  the  parts  of  a  material  molecule;  and, as 
has  already  been  intimated,,  there  can  hardly  be  a  doubt  that  in 
some  cases  our  graphic  symbols  do  express  even  now  actual 
knowledge  of  this  sort,  however  crude  and  partial  it  may  ba 
Our  present  graphic  symbols  are  indeed  the  expressions  of  par- 
tial generalizations,  which,  however  imperfect,  have  an  element 
of  truth.  Hence  I  it  is  that  they  have  pointed  out  new  lines  of 
investigation,  have  led  to  new  discoveries,  and  have  b^n  of  the 
greatest  value  to.  science.  They  will  doubtless  soon  be  supers 
seded  by  other  graphic  symbols,  expressing  other  partial,  general- 
izations, to  serve  the  same  purpose  in  their  turn,  and  be  likewise 
foigotten.    We  must  not^  however,  despise  these  temporaiy  ex- 
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pedients  of  science.  They  aie  not  only  useful,  but  necessary, 
and  cannot  mislead  the  student  if  he  remembers  that  all  such 
aids  are  merely  the  scafToldings  around  the  science,  on  which 
the  builders  work.  It  is  from  this  point  of  view  alone  that  we 
are  to  look  at  the  whole  idea  of  chemical  atoms,  which  lies  at 
the  basis  of  our  modem  chemical  philosophy.  That  this  idea 
is  actually  realized  in  the  concrete  form  which  it  takes  in  some 
minds,  can  hardly  be  believed.  The  true  chemical  idea  of  the 
atom  is  more  nearly  represented  by  the  corresponding  Latin  word 
individuwnt.  The  atom  is  the  chemical  individual,  the  unit,  in 
which  the  mind  seeks  to  repose  for  the  time  the  individuality  of 
that  as  yet  undivided  substance  we  call  an  element 

Various  methods  of  writing  structural  symbols  are  employed 
by  chemists,  but  these  are  usually  such  obvious  applications  of 
the  principles  we  have  discussed  that  they  require  no  detailed 
description.  To  save  space  and  labor  in  printing,  we  have 
adopted  in  this  book  a  linear  form,  using  dashes  only  so  £Etr  as 
is  necessary  to  indicate  those  relations  of  the  parts  of  a  complex 
molecule  to  which  we  wish  to  call  attentioa  The  subject  has 
been  so  far  developed  that  the  structure  of  the  ordinary  radicals, 
such  as  methyl,  ethyl,  hydroxyl,  cyanogen,  ammonium,  etc.,  may 
be  regarded  as  established;  and  as  a  rule,  therefore,  it  is  not 
necessary  to  indicate  their  structure  in  writing  the  symbols  of 
the  complex  molecules  of  which  these  radicals  may  form  a  part 
Thus,  the  structure  of  the  four  valerianic  acids  is  sufficiently 
indicated  by  the  following  formulae :  — 

Normal  Valerianic  Acid,  If  OC O-CH^'GE^CH^CH^ 

Ordinary  Valerianic  Acid,  H^OCOCHfCS^CH^.Cff^ 

Trimethyl-acetic  Acid,  HOC(hOCH^,CH^GH^ 

Methylrethyl-acetic  Acid,  IfO<IO-CSHJH^Ctff^ 

in  which,  as  will  be  seen,  commas  are  used  to  separate  the  radi- 
cals which  are  united  to  the  same  dominant  atom.  Notice  that 
the  radicals  separated  by  commas  are  not  united  among  them- 
selves, and  that  the  dominant  atom  to  which  they  are  severally 
bound  is  indicated  by  the  dashes  which  precede  or  follow  the 
symbols  isolated  by  the  punctuation  marks. 
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35.  Unitary  Theory;  —  The  comparatively  recent  conception 
that  a  molecule  is  a  complex  unit  all  of  whose  parts  are  bound 
together  by  atomic  bonds,  is  frequently  called  the  wnUary  theory, 
in  contradistinction  to  the  ducdistic  theory  on  which  the  older 
system  of  chemistry  was  based.  Modem  chemical  philosophy 
is  an  outgrowth  of  the  unitary  theory,  but  the  student  should 
not  iiEdl  to  make  himself  acquainted  with  the  system  which  pre- 
ceded it,  and  which  served  the  purpose  of  a  rapidly  growing  sci- 
ence for  more  than  fifty  years.  Indeed,  it  is  very  important  that 
every  student  of  science  should  learn  the  history  of  scientific 
theories,  for  otherwise  he  cannot  properly  appreciate  the  true 
relations  of  the  theories  of  his  own  time,  and  is  in  danger  of  mis- 
taking hypotheses  for  facts.* 

Before  closing  this  chapter,  it  remains  to  mention  a  few  con- 
sequences of  the  unitary  theory,  which,  although  almost  self- 
evident,  might  be  overlooked  if  not  dwelt  upon  specially. 

In  the  first  place  it  is  evident  that  the  integrity  of  every  com- 
plex molecule  depends  upon  the  multivalence  of  one  or  more  of 
its  atoms.  These  multivalent  atoms  act  as  so  many  atomic 
clamps  to  bind  univalent  atoms  together.  Moreover,  the  whole 
virtue  of  a  compound  radical  consists  in  the  circumstance  that 
it  is  an  incomplete  structure  of  the  same  sort,  and  its  quantiva- 
lence  is  in  every  case  equal  to  the  number  of  univalent  atoms 
(or  their  equivalents)  which  are  required  to  complete  it,  or  which 
—  in  the  terms  of  the  law  of  Wurtz  —  it  may  be  regarded  as 
having  lost. 

The  constructive  power  of  multivalent  atoms  is  shown  in 
many  reactions  in  which  they  serve  to  bind  together  two  or 
more  molecules  into  one,  thus  :* — 

Aflttte  Add.  ZlM.  Ssiade  Aoetale. 

and 

\Al^  +  6  NarOH  =  (NarO)£AQ  -f  3  iT,. 

AlnmiBiML      Bodio  Hydnifti:  SodSs  Alni^Bala. 

On  the  other  hand,  when  in  a  reaction  such  a  multivalent 

•  See  **  The  New  Chemistiy/'  Chapter  XII. 
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atom  is  removed,  the  molecule  breaks  apart  Phosphoric  chlo- 
ride^ for  example,  which  tends  to  exchange  two  atoms  of  chlorine 
for  one  of  oxygen^  has  a  remarkable  power  of  this  sort 

AMtIc  Add.  AMtyUo  Ghlorid*. 

In  the  second  place,  it  is  obvious  that  multivalent  atoms  by 
combining  with  each  other  may  give  rise  to  nuclei  around  which 
molecules  of  very  great  complexity  can  be  constructed.  Exam- 
ples of  this  have  already  been  given  in  the  symbols  of  valerianic 
acid  on  page  93,  where  the  atoms  of  carbon,  locked  together  like 
so  many  vertebrae,  form  the  framework  to  which  the  other  atoms 
are  fastened,  and  thus  a  complex  molecular  structure  is  rendered 
in  a  wonderful  measure  compact  and  stable.  There  is  a  great 
diflTerence  in  the  power  of  multivalent  atoms  to  unite  with  each 
other.  As  a  general  rule,  even  dissimilar  atoms  of  high  quanti- 
valence  will  not  combine,  and,  except  in  the  case  of  carbon,  the 
union  between  similar  atoms  is  limited  to  a  very  small  number 
of  individuals.  Carbon  is  unique  in  this  respect  Its  atoms 
appear  to  have  an  unlimited  power  of  combination  with  each 
other,  and  for  this  reason  the  compounds  of  carbon  already  known 
exceed  those  of  all  the  other  elements  combined. 

Since  the  carbon  atoms  are  quadrivalent,  it  follows  that,  when 
chained  together  by  the  smallest  possible  number  of  bonds,  the 
atom-fixing  power  of  the  nuclei  thus  formed  is  always  equal  to 
twice  the  number  of  carbon  atoms  plus  two  (2  n  +  2).    Thus, 

CH^        CA        <^A        C^JSJo        0,H^  etc. 

are  the  symbols  of  well-known  hydrocarbons  called  paraffines, 

and 

CH.       CA       C^Hj       C.K        C,H..  etc. 

lUtbjL  Xtli7L  FwpjL  BntyL  AmyL 

are  the  symbols  of  univalent  radicala  These  last  are  character- 
istic constituents  of  an  important  class*  of  compounds  called 
alcohols,  and  hence  they  are  usually  called  the  alcohol  radicala 
If  in  these  atomic  groups  we  substitute  an  atom  of  oxygen  for 

two  atoms  of  hydrogen,  we  obtain 

7 
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CHO        Ctff^O       C^Hfi       CJl,0       C.H^O  etc., 

FonnyL  Am^L  PiropionyL  BuljiyL  l^UmyL 

also  univalent  radicals,  which  enter  into  the  composition  of  an 
important  class  of  acids  to  which  we  have  already  referred. 

If,  however,  a  definite  number  of  carbon  atoms,  forming  the 
nucleus  of  a  molecule,  are  united  bj  more  than  the  smallest 
possible  number  of  bonds,  then  it  is  obvious  that  the  atom- 
fixing  power  of  such  a  nucleus  must  fall  off  two  units  for  eveiy 
pair  of  bonds  employed  in  holding  the  carbon  atoms  together. 
Thus,  parallel  to  the  paraffines  mentioned  above,  we  have  another 
series  of  hydrocarbons  called  defines,  whose  symbols  are 

CJI^  C^H.  0,H^  (7,^,  etc. 

EOkjUmt.  PippTlMM.  Boljimia.  Amjln». 

We  may  either  conceive  of  the  carbon  atoms  which  form  the 
nuclei  of  these  molecules  as  arranged  in  an  open  chain  with  two 
of  the  atoms  united  by  a  double  link,  or  we  may  conceive  of 
them  as  arranged  in  a  closed  chain  in  which  every  atom  will 
stand  in  the  same  relation  to  its  neighbors.  For  example,  for 
(7^e  either 

Moreover,  the  chains  may  be  forked,  as  in  the  symbols  of  the 
isomeric  forms  of  valerianic  acid  already  given,  and  in  any  case 
the  precise  structure  is  a  question  for  investigation  ;*  but  what- 
ever that  structure  may  be,  there  is  one  link  in  the  chain  not 
essential  to  preserve  the  integrity  of  the  molecule,  and  we 
should  naturally  suppose  that  this  could  be  easily  broken,  and 
two  additional  univalent  atoms,  or  their  equivalents,  united  to 
the  nucleus  at  the  two  bonds  thus  opened.  Hence  we  are  not 
surprised  to  find  that  the  defines  are  bivalent  radicals,  and  will 
unite  directly  with  Cl^  or  Br^  to  form  such  compounds  as 

C,ff,Br^        C,H,Br,        C.fffik        C,H,,Cl^ 

*  If  the  student  will  represent  the  carbon  skeletons  of  the  graphic  symbols  on 
page  93  in  the  same  way  that  we  ha7e  represented  that  of  propylene  above  (second 
form),  he  will  see  what  is  meant  by  a  forked  chain.  If  next  he  unites  the  first  two 
carbon  atoms  of  the  main  chain  by  a  doable  or  treble  bond  and  diminishes  the 
nnmber  of  open  bonds  to  correspond,  the  whole  theory  of  what  we  ace  here  dia* 
cnsaing  will  become  more  plain. 
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A  farther  illustration  of  the  same  principle  maj  be  found  in  a 
remarkable  hydrocarbon  gas  called  acetylene,  which  is  a  frequent 
product  of  imperfect  combustion,  and  may  be  formed  by  the  di- 
rect union  of  its  elements.  The  symbol  of  acetylene  is  C^H^,  and 
it  acts  both  as  a  dyad  and  as  a  tetrad  radical,  forming  with  bro* 
mine  two  compounds,  C^H^^  and  C^H^r^,  Still  more  remark- 
able is  the  structure  of  the  well-known  hydrocarbon  benzol, 
whose  symbol  is  C^H^  The  chemical  relations  of  this  compound 
and  its  numberless  derivatives  are  well  explained  by  the  theory 
of  Eekul4,  that  its  nucleus  consists  of  a  closed  chain  of  six  cai^ 
bon  atoms  united  alternately  by  single  and  double  links,  so  that 
each  of  the  atoms  has  one  bond  free  to  combine  with  atoms  of 
hydrogen  or  their  equivalents.  Indeed,  some  chemists  have 
thought  the  structure  of  this  nucleus  so  thoroughly  determined, 
that  they  have  numbered  the  atoms  of  carbon,  and  in  many 
cases  the  reactions  of  the  benzol  derivatives  seem  to  indicate 
the  relative  points  of  the  chain  at  which  the  various  radicals 
are  attached.  This  theory,  however,  has  been  questioned,  and 
other  schemes  of  arranging  the  atoms  have  been  proposed  as 
better  explaining  the  facts.  But  it  would  be  wholly  premature 
to  discuss  such  questions  at  present,  and  our  object  has  been 
gained  if  we  have  given  the  student  a  conception  of  the  general 
principles  involved. 

It  will  be  seen  from  the  above  illustrations  that  the  quantiva- 
lence  of  a  group  of  similar  atoms  must  depend  on  the  number  of 
links  by  which  they  are  united  to  each  other,  and  may  therefore 
vary  veiy  greatly.  The  same  phenomenon  is  presented  by  other 
el^paents,  although  not  nearly  to  the  same  extent  as  with  carbon. 
Thus  not  unfrequently  a  group  of  two  atoms  of  a  bivalent  ele- 
ment has  the  same  quantivalence  as  a  single  atom.  For  example, 
there  are  two  compounds  of  mercury  and  chlorine,  Hg'Cl^  and 
[Hg^Cl^  or  Cl-Hg-Hg-Gl.  So  also  we  have  CwO  and  [Cu^, 
We  also  find  another  illustration  of  the  same  principle  in  an  im- 
portant class  of  tetrad  elements  whose  atoms  readily  pair  together, 
forming  an  atomic  group  which  is  sextivalent.  Thus  are  formed 
the  well-known  compounds 

[Ai;yjl^        [FeJD^       [Cr^JO^  eta 
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When  these  same  elements  enter  into  combination  by  single 
atoms,  they  are  almost  invariably  bivalent,  and  thus  we  have,  in 
several  cases,  two  veiy  distinct  classes  of  compounds,  the  one 
formed  with  the  single  and  the  other  with  the  double  atom  of 
the  element ;  for  example, 

Mn'Ol^  and  [MnJ^a^        FerO  and  [Fe^fO^ 

It  will  be  noticed  that,  although  in  the  compounds  of  the  second 
class  the  quantivalence  of  the  single  atoms  i3  twice  as  great  as  it 
is  in  the  first,  yet  their  atom-fixing  power  is  only  increased  by 
one  half,  and  hence  the  name  of  «e^i-oxides  or  aedgm-chlorides, 
etc.,  which  is  frequently  applied  to  them. 

In  order  to  distinguish  the  groups  of  similar  atoms  whose 
affinities  are  all  open,  from  those  groups  where  the  affinities  are 
in  part  closed  by  the  union  of  the  atoms  among  themselves,  we 
may,  as  just  shown,  enclose  the  symbols  of  the  last  in  brackets ; 
and  this  rule  will  generally  be  followed.  In  most  cases,  however, 
the  relations  of  the  parts  of  the  symbol  are  sufficiently  evident 
without  this  aid. 
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1.  What  bearing  have  the  phenomena  of  substitution  on  the  doc- 
trine of  the  structure  of  molecules  f  Doee  the  circumstance  that  the 
properties  of  the  substitution  products  are  frequently  quite  different 
horn,  those  of  the  original  substance  invalidate  the  doctrine  1 

2.  How  does  the  action  of  chlorine  on  acetic  acid  indicate  that  the 
molecules  of  this  compound  have  a  definite  structure  ?  On  what  par- 
ticular fact  does  this  evidence  chiefly  rest  1 

3.  What  bearing  have  the  phenomena  of  isomorplusm  on  the 
question  of  the  structure  of  molecules)  Enforce  the  argument  by 
some  familiar  illustrations. 

4.  State  the  argument  on  which  is  based  the  assumption  that  in 
the  molecules  of  marsh  gas  there  are  four  masses  of  hydrogen  united 
to  a  single  mass  of  carbon,  but  otherwise  independent  of  each  other. 
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0.  How  do  yon  explain  the  &ct,  that  the  different  degrees  of  qnan- 
tivalence  of  the  same  element  are,  as  a  role,  either  all  even  or  all  oddt 

6.  Assuming  that  chemical  attraction  is  a  polar  force,  and  that  the 
poles  of  a  given  multivalent  atom  are  normally  all  of  equal  strength, 
why  should  you  expect  that  chlorine  and  hydrogen  atoms,  for  example, 
would  not  be  held  by  such  a  nucleus  with  the  same  force  f 

7.  Give  the  steps  of  the  reasoning  by  which  the  structure  of  me- 
thylic  alcohol  is  established. 

8.  Analyze  the  following  reactions,  and  show  that,  by  comparing 
the  reactions  in  each  group,  the  structure  of  the  various  compounds 
may  be  inferred. 

OrCl       +       H-H      =       Ha       +       Ha 

ChloriMafliL  VjdxiQfeii  Qm.  HjdroehknlD  Add.  Blfdioehkcto  AeU. 

ci-a    +  (G.H,oyH=  (c,H.oyoi  +  sa 

VaatbutK  UmaulB.      BaunjICkbtU*. 

E^a     +     K-O-H        z=:       Ka      +    H^O-H 

jSFcr  +  iCtH,)-o-H   =  {o^.ya  +  j^oh 
H,H-s   +  p^a.  =  Ftci^s  +  ffa  +  ffa 

BaSvhohydile  JMd.    PlM«phorio  Chloride 

ffjOtKoys  +  pior,  =  Fto^s  +  (c^O)-ci  +  Ha 

TMiiillr  Ad*.  Junt^CUoMm. 

KfOfE,  +  (00),»ir  =  KfOtiCO)  +  HH,H^ 

FBtaMie  Bydiate.  CTtiile  Acid-  FolMrie  Owbonato.  A»>mii»i^ 

9.  Bepresent  in  a  graphic  form  the  structure  of  the  following  mole- 
cules whose  symbols  are  given  above,  —  ethylamine,  cyanic  add,  cyanic 
ether,  thiacetic  acid. 

10.  Why  is  it  that  the  anccessive  additions  of  CH^  in  the  series  of 
alcohols  do  not  change  the  atomicity  of  the  alcohol  radicals  I 

11.  In  what  different  ways  may  the  symbol  of  propylene  be  repre- 
sented graphically  t  Exhibit  in  the  same  way  the  structure  of  acetylene 
and  benzol 
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12.  Bepiesent  bj  graphic  symbolB  the  stnicture  of  the  following 
derivatives  from  benzol,  and  containing  the  same  nudeua :  — 

Aniline,  H,  H,  C^H.^N 

Benzoic  Acid,  ( O^Hf  CO)-  O-H 

Benzamide,  E,  H,  ( C^Hf  GOyN 

13.  The  radical  allyl  C^£^  is  univalent  in  oil  of  garlic,  (C^H^^S^ 
and  in  allylic  alcohol,  {C^^yO-If,  but  trivalent  in  glycerine, 
{C^H^O^H^.  Moreover,  this  radical  when  set  free  doubles,  forming 
a  volatile  hydrocarbon  oil,  which  has  the  composition  (C^H^C^H^, 
and  which  combines  directly  with  bromine,  the  resulting  product 
having  the  symbol  (C^H^-{C^H^Br^.  Bepresent  these  symbols  by 
the  graphic  method,  and  thus  explain  the  different  relations  of  the 
radical 

14.  Bepresent  by  the  graphic  method  the  symbols  of  potassic  car- 
bonate, K^O^CO)^  and  potassic  oxalate^  ^%Of{C^O^f  and  show  that 
each  forms  a  perfect  molecular  unit. 

15.  Bepresent  by  the  graphic  method  the  following  symbols.  Con- 
sider in  each  case  if  more  than  one  way  is  possible. 

Xthytene.  GlyeoL  Oljoollle  Aeid. 

OljrooeoL  Bippaile  AoUL 

Propyl  Uljooi  Laotte  Add* 

16.  What  is  the  quanti valence  of -4/  in  the  symbol  [AkAl^Ol^^ 
Is  there  any  difference  in  the  quantivalence  of  Fe  in  the  two  compounds 
Fer 0^^ CO  SLXid  [Fe'FeJO^SO^)^'^  Answer  the  questions  by  the  aid 
of  graphic  symbols. 

1 7.  Is  there  any  difference  in  the  quantivalence  of  nitrogen  in  po- 
tassic nitrite,  K'O-NO,  and  potassic  nitrate,  K-0-NO^%  In  what  two 
ways  may  the  last  symbol  be  represented  graphically  ? 

18.  The  symbol  \^0u^0l^  represents  a  single  molecule,  while 
Na^Cl^  represents  two  molecules,  and  would  be  more  properly  written 
2  Na  01.  What  is  the  difference  in  the  two  cases,  and  on  what  evi- 
dence do  these  symbols  rest )  Is  there  the  same  proof  of  the  correct- 
ness of  [J9&,]C7/s)    See  Table  IIL 


CHAPTER  IX.* 

BASES,  ACIDS,  AND  SALTS. 

36.  Hyarates,  Alkalies,  Bases.  —  It  is  not  unfrequently  the 
case  that  the  technical  terms  of  a  science  remain  in  use  long 
after  they  have  lost  their  original  meaning.  This  is  pecttUarly 
true  of  those  which  we  have  placed  at  the  head  of  this  Section. 
They  have,  with  the  exception  of  the  first,  come  down  to  us 
from  the  period  of  alchemy,  and  are  still  retained  in  the  lan- 
guage of  trade  and  in  many  works  on  practical  science,  with  a 
peculiar  meaning  which  they  have  acquired  during  the  last  hun- 
dred years  under  the  teaching  of  the  dualistic  theory.  Since 
they,  in  many  cases  at  least,  suggest  erroneous  conceptions  in 
regard  to  the  constitution  of  chemical  compounds,  it  would  be 
well  if  they  could  be  discarded  altogether;  but  as  this  is  im- 
practicable, we  must  endeavor  to  give  to  them  as  definite  a 
meaning  as  possible. 

The  term  hydrate  is  applied  to  a  class  of  compounds  which 
were  formerly  supposed  to  contain  water  as  such,  but  which  are 
now  believed  to  have  no  closer  relation  to  water  than  is  indi- 
cated by  the  circumstance  that  they  have  the  same  type  of  struc- 
ture,  and  may  be  formed  from  water  by  replacing  half  of  ifs" 
hydrogen  with  some  metallic  atom  or  compound  radical  acting 
like  a  metallic  atom.  Thus,  by  acting  on  water  with  potassium, 
we  obtain  potassic  hydrate ;  or,  if  we  use  sodium,  we  obtain  sodic 

hydrate. 

^HOH  +  K'K  =  2KOH  +  IfH 

YTa^bw.         PolMiliuk      FBliale  Bydnte.     BydrotmOtib 
W«l«>.  Bodina.  Bodie  EjdnH.      BydroftB  O^i.  > 

•  I 

*  In  studying  this  chapter  the  student  should  endeavor  to  remember  the 
names  and  symbols  of  the  different  compounds  mentioned.  Hitherto  we  have 
been  chiefly  employed  with  the  forms  of  the  symbols,  and  this  exercise  of  the 
memory  has  not  been  expected* 
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Both  of  these  hydrates,  and  also  those  of  the  veiy  rare  but 
closely  allied  metals,  lithium,  caesium,  and  rubidium^  are  very 
soluble  in  water,  and  yi^ld  solutions  which  corrode  the  skin  and 
convert  the  fats  into  soaps.  All  the  substances  possessing  these 
caustic  qualities  which  were  known  to  the  alchemists  were  called 
by  them  alkalies,  and  this  term  is  now  applied  to  the  five  hy- 
drates just  enumerated,  as  well  as  to  ammonia  (see  below).  The 
first  two  of  these  are  commercial  products,  and  have  important 
applications  in  the  art&  They  cJl  differ  from  the  hydrates  of 
other  metals  in  that  they  cannot  be  decomposed  by  heat  alone. 

Agahi,  if  we  act  on  water  with  calcium  or  magnesium,  we 
obtain  calcic  or  magnesic  hydrate ;  but  the  double  molecule  of 
water  is  then  decomposed  by  these  bivalent  metals  to  form  a 
single  molecule  of  the  hydrate. 


HiP^H^  +  Oil  =  C<ff^0^n^  +  RH 

water.  Caklam.       OaldcHydnte.    HydfOfcaOi 

watar.        Vasnailiim.     Kagnaaic  Hjdrata.   Hydrofeo 


[39] 


These  two  hydrates,  as  well  as  those  of  the  allied  metals^ 
barium  and  strontium,  although  much  less  soluble  in  water  than 
the  alkalies,  still  dissolve  in  this  common  solvent  to  a  limited 
extent,  and  manifest  decided  caustic  qualities.  When  dry  they 
have  an  earthy  appearance,  and  hence  are  frequently  known  as 
the  alkaline  earths.  They  also  differ  from  the'  true  alkalies  in 
the  fact  that  they  are  readily  decomposed  by  heat ;  and  since 
they  are  then  resolved  into  water  and  a  metallic  oxide,  as  the 
following  reaction  shows,  the  opinion  formerly  entertained  in 
regard  to  their  composition  was  not  unnatural 

Whaahaatad. 

Moreover,  when  the  anhydrous  oxides  are  mixed  with  water, 
they  enter  into  direct  union  with  -a  portion  of  the  liquid.  This 
combination  is  usually  attended  with  the  evolution  of  great  heat, 
and  the  process  is  known  as  slaking. 
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There  axe  many  other  metallic  hydrates  which  are  still  more 
readily  decomposed  by  heat  These,  as  a  rule,  cannot  be  formed 
by  the  direct  union  of  the  corresponding  metallic  oxide  and 
water,  but  may  be  obtained  by  adding  to  a  solution  of  a  salt 
of  the  metal  one  of  the  soluble  hydrates  mentioned  abova 
Thus:  — 


Coprio 


((7mCT,+  2iKi-Oir+  Aq)  =  (On^Oj'H^  +  2NaOl  +  Aq) 

VrieCtalodd*.  C^priaXytal•.      8odte  Chloiid*. 

[42] 
(ZnCL  +  2K-0-H  +  Aq)  =  (Zn-O^'H,  +  2  KOI  +  Aq) 

BaeieGIJorid«.  Clnde  Hydnto.     FotaMie  Chloridab 

MfKwVa  vBMiiiiM*  jr6ino  nyonuik       jswic  uuonot* 

The  hydrates  may  be  regarded  as  compounds  of  the  metallic 
atoms  with  the  compound  radical  hydroxyl,  and  their  symbols 
written  thus :  — 


CaiEO\  Fe{HCf).  [OrJ^ffO)^ 

Oikk  Hydnte.  T«mrai  Hjdraw*  Chrpmle  Hydnta^ 


Ammonic  Hydrate.  —  Closely  allied  to  these  metallic  hydrates 
is  a  veiy  remarkable  compound,  formed  by  dissolving  ammonia 
gas,  NH^  in  water.  Although  the  product  resembles,  in  many 
of  its  physical  relations,  a  simple  solution  of  gas  in  water,  yet 
the  compound  in  all  its  chemical  relations  acts  like  a  metallic 
hydrate, 

NK    +    KO    =    NHrOH 

which  has  led  chemists  to  write  its  symbol  after  the  type  of 
water,  and  to  assume  the  existence  of  a  univalent  compound 

radical  NH^,  to  which  has  been  given  the  name  of  ammonium. 

Metallic  Oxides  or  Basic  Anhydrides.  —  Closely  allied  to  the 
metallic  hydrates,  in  the  relation  we  are  now  considering,  are 
many  of  the  simple  compounds  of  the  metals  with  oxygen, 
which .  are  called  in  general  metallic  oxides.  Such  compounds 
as 

Ag-O-Ag         CkvO         Ba-0         Pb'O         FeO  OwO 

JUfcalie  Oxid«.        OddeOxidt.      ButoOxidai      TlomUo  Qiids.  FcirouOzlda.  CnprieOsidtb 
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Biay  be  regarded  as  formed  from  one  or  more  molecules  of  water, 
by  replacing  all  the  atoms  of  hydrogen  with  those  of  some  metal ; 
and  these  oxides  as  well  as  the  hydrates  before  mentioned  are 
frequently  classed  together  under  the  common  title  of  bases, 
although  it  would  be  best  to  confine  this  term  to  the  metallic 
hydrates  alone,  and  to  distinguish  the  basic  oxides  as  basic 
anhydrides  (§  38). 

Salts,  —  The  atoms  of  hydrogen  still  remaining  in  a  metallic 
hydrate  may  be  replaced  with  the  atoms  of  a  well-defined  class 
of  non-metallic  elements  and  compound  radicals;  and,  for  a 
reason  which  will  soon  appear,  the  replacing  atoms  are  called 
acid  or  negative  radicals  * 

'  From  this  replacement  results  a  new  class  of  compounds  we 
call  salts.    Thus, 

KO-JT   gives    K-O-a,    also    K-O-NO^    and    EO{CiIL0) 
CarO^H^    gives     Ca-O^-SOt    CarO^^O    Ca-0^\CJI^O\ 

Chide  Hydnto.  QddcBulphJito.    Calsle  Ovtonato.  Galeic  Aecli^ 

37.  AddB.  —  Opposed  in  chemical  properties  to  the  so-called 
bases  is  another  very  important  class  of  compounds  called  adds. 
They  derive  their  name  from  the  fact  that  they  are  generally 
soluble  in  water  and  have  a  sharp  or  sour  taste,  although  there 
are  many  exceptions  to  the  rule.  Like  the  bases,  they  all  con- 
tain hydrogen ;  this  hydrogen,  however,  can  no  longer  be  replaced 

*  The  word  radicalf  as  used  in  cheinutiy,  stands  for  any  atom  or  group  of 
atoms  which  is,  for  the  moment,  regarded  as  a  chief  constituent  of  the  molecules 
of  a  given  compound,  and  which  does  not  lose  its  integrity  in  the  ordinary  chemi- 
cal reactions  to  which  the  suhstance  is  liable.  The  distinction  between  basic  and 
acid  radicals  (or  positive  and  negative  radicals,  as  they  are  more  frequently  caUed) 
will  become  clear  as  we  advance.  It  is  sufficient  for  the  present  to  state  that, 
although  these  terms  imply  an  oppogUion  of  relationa  rather  than  a  difference  of 
qualities,  yet,  as  a  general  rule,  the  metaUic  atoms  are  basic  radicals,  while  the 
non-metallic  atoms  are  acid  radicals.  It  may  be  added,  that  among  compound 
radicals  those  consisting  of  carbon  and  hydrogen  alone  are  usually  basic,  and  those 
containing  also  oxygen  usually  acid ;  and  further,  that,  of  the  two  most  impor- 
tant radicals  containing  nitrogen,  ammonium  (NH^)  is  strongly  basic,  and  cyanogen 
(CN)  as  decidedly  acid.  In  this  book,  with  few  exceptions,  the  basic  radicals  are 
always  placed  on  the  left-hand,  and  the  add  radicals  on  the  right-hand  side  of  the 
molecular  symbols. 
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by  non-metallic  elements  or  native  ladieals,  but  only  by  metal- 
lic elements  and  positive  radicals,  and  it  is  herein  that  the  chief 
distinction  lies.  Moreover,  the  opposition  of  these  two  classes 
of  compounds  also  appears  in  the  fact  that,  while  in  bases  the 
replaceable  hydrogen  atoms  are  united  to  a  metallic  atom  or 
positive  radical,  which  for  this  reason  we  frequently  call  a  basic 
radical,  in  the  acids,  on  the  other  hand,  these  same  hydrogen 
atoms  are  united  as  a  rule  to  a  non-metsdlic  atom  or  negative 
radical,  frequently  also  called,  as  above,  an  acid  radical  In 
most  cases  there  is  a  vinculum  which  unites  the  two  parts  of 
the  molecule ;  and  both  in  acids  and  in  bases  this  vinculum 
consists  usually  of  one  or  more  oxygen  atoms,  although  in  a 
large  class  of  acids  the  hydrogen  atoms  are  united  directly  to 
the  radical  without  any  such  connection.  The  acids  of  this 
class  have  by  far  the  simplest  constitution ;  and  we  will  give 
examples  of  these  first,  adding  in  each  case  a  reaction  to  illus- 
trate the  acid  relations  of  the  compound.  In  studying  these 
reactions,  it  must  be  borne  in  mind  that  the  evidence  of  acidity 
is  in  each  case  to  be  found  in  the  fact  that  one  or  more  of  the 
hydrogen  atoms  of  the  compound  may  be  replaced  by  positive 
radicals  or  metallic  atoms.  This  replacement  may  be  obtained 
in  one  of  four  ways,  —  by  acting  on  the  acid,  either  with  the 
metal  itself,  or  with  a  metallic  oxide,  or  with  a  metallic  base, 
or  with  a  metallic  salt. 

(2  HCl  +  Aq)  +  NarNa  =  (2  NaCl  +  Aq)  +  Bl-IH 

B/droehloriB  Add.  Sodium.  Sodio  Chlorid*. 


(2  HCl  +  Aq)  -{-  ^nO  =^  (ZnCl^  +  H^O  +  Aq) 

Zindo  Qiidii     Zbude  Chlotldti, 

{HBr  4-  K-O-H  +  Aq)  =  {KBr  +  H^O  +  A^) 

Bydrobronie  Add.  PotaMle  Hydnte.  FMHde  Bronid*. 

(HI  +  ArONOt  +  Aq)=^  (AgT  +  (H-O-NO^  +  Aq) 

Bydriodle  Add.   Arfmlie  Mltnla.  Aiftntf«lodId«.      Nitric  Add. 


[43] 


We  will  next  give  examples  of  more  complex  acids,  in  which 
the  two  parts  of  the  molecule  are  united  by  a  vinculum  of  oxy- 
gen atoms. 

(H-p-iC^H.O)  +  NarO-H^  Aq)  =  (NarOiCAO)  +  H^O  +  Aq) 

SodtoBydnte.  Bodlo  ' 
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SnliibiiiieAold.  OvrieOzlda.         Cupdo  Sulplwto. 

(HfO^FO  +  ZK'O-H  +  A^  =  (KfO^FO  +  3  JS^O  +  ^j) 

Sach  acids  as  these  axe  called  oxygen  acids.  like  the  hy- 
drates, they  may  be  regarded  as  compounds  of  hydroxy!  but 

HO-NO^  {HO)^SO^  (HO).^PO. 

mteloAaid.  SalphoiieAeld.  Fh<Mphoria  AoM. 

This  mode  of  writing  the  symbols  is  not  only  frequently  con- 
venient,  but  has  been  of  real  value  by  bringing  out  unexpected 
and  important  relations.  It  does  not,  however,  indicate  any 
fundamental  difference  of  opinion  in  regard  to  the  constitution 
of  these  hydrates,  and  this  at  once  appears  when  the  symbols 
are  put  into  the  graphic  form. 

When  an  acid,  like  acetic  acid,  contains  but  one  atom  of  hy- 
drogen, which  is  replaceable  by  a  metallic  atom  or  a  positive 
radical,  it  is  called  monobasic ;  when,  like  sulphuric  acid,  it  con- 
tains two  such  hydrogen  atoms,  it  is  called  dibasic ;  when,  like 
phosphoric  acid,  it  contains  three,  it  is  tribasic,  etc.  Moreover, 
one  evidence  of  this  difference  of  basicity  is  found  in  the  fact^ 
that,  whereas  a  monobasic  acid  can  only  form  one  salt  with  a 
univalent  radical,  a  dibasic  acid  can  form  two,  and  a  tribasic 
three.  Thus,  while  we  have  only  one  sodic  nitrate,  there  are 
two  sodic  sulphates  and  three  sodic  phosphates. 

Sodle  Mltnia.  Add  Sodle  Fhotphate,  or  DUiydnHMxile  FluMpIiaftak 

n,N(ff^OiSO^  HNa^O^PO  [44] 

Add  Sodle  Bolpluilt.  Heatnl  Bodit  Riofphate,  or  BjdnMllMMtie  FhoapliAlo. 

Kratnd  flodle  Bolpbila.  Bade  Sodle  Fhoqilute,  or  Trindio  rhoeiduAa. 

There  is,  however,  but  one  calcic  sulphate ;  for,  since  the  cal- 
cium atoms  are  bivalent,  a  single  one  is  sufficient  to  replace  both 
of  the  hydrogen  atoms  in  the  acid. 

38.  Add  Anhydrides.  —  Besides  the  acids  properly  so  called, 
all  of  which  contain  hydrogen,  there  is  another  class  of  com- 
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pounds  which  hear  the  saEiiie  relation  to  the  tme  acida  which 
the  metallic  oxides  hear  to  the  true  bases.  To  avoid  confusion, 
compounds  of  this  class  have  been  dL^inguished  as  omhydrides* 
and  they  may  be  regarded  as  one  or  more  molecules  of  water  in 
which  all  the  hydrogen  has  been  replaced  by  negative  or  acid  radi- 
cals. As  among  the  most  important  of  these  we  may  enumer> 
ate  Sulphuric  Oxide,  S0^*0  or  80^,  Nitric  Pentoxide,  NO^ONO^ 
or  NJO^,  Carbonic  Dioxide,  CO,,  Phosphoric  Oxide,  P1O5,  and  Sili- 

IV 

cic  Oxide,  SW^  Most  of  the  anhydrides  unite  directly  with 
water  to  form  acids,  and  several  of  the  acids,  when  heated,  give 
off  water  and  pass  into  anhydrides.    [Compare  40  and  41.] 

SBtO  +  P,0,  =  2B^0j^P0 

mofSi  =  5«o,  +  2J9;o 

Biilflleldd.      SUldBAahydiidi. 
Bone  Add.      Boris  Aahjrdildo. 

Moreover,  in  many  cases  these  anhydrides  will  combine  directly 
with  the  metallic  oxides  to  form  salts.  Thus,  baric  oxide  bums 
in  the  vapor  of  sulphuric  anhydride,  yielding  baric  sulphate ; 
and  lime  also  unites  directly  with  the  same  anhydride,  although 
with  less  energy,  forming  calcic  sulphate. 

BaO-^SO^^BaO.SO^      and      CaO+ SO^=:CaO,  SO^ 

We  are  thus  led  to  the  old  formulae  of  the  duaUstic  system,  ac- 
cording to  which  the  metallic  oxides  were  the  only  true  bases, 
the  anhydrides  were  the  only  true  acids,  and  the  two  were  re- 
garded as  paired  in  all  true  salts.  But  although  in  its  modem 
theories  our  science  has  fortunately  left  the  ruts  to  which  the 
dualistic  ideas  for  so  long  limited  its  progress,  yet  it  must  be 
remembered  that,  according  to  our  preseht  definitions,  these 
dualistic  formulae  are  perfectly  legitimate,  and  still  give  the 
simplest  exposition  of  a  large  number  of  important  facts. 

*  More  precisely  ae(d  anhydridea;  bat  as  the  baaio  anhydrides  are  nsoaUy  called 
simply  metallic  oiddes,  the  qualifying  tenn  is  seldom  added. 
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39.  Salts. — The  definition  of  the  tenn  salt  has  been  dearly 
implied  in  the  definitions  of  base  and  acid  already  given.  It 
is  any  acid  in  which  one  or  more  atoms  of  hydrogen  have 
been  replaced  with  metallic  atoms  or  basic  radicals ;  it  is  any 
base  in  which  the  hydrogen  atoms  have  been  more  or  less  re* 
placed  by  non-metallic  atoms  or  acid  radicals ;  or  it  may  be  the 
product  of  the  direct  union  of  a  metallic  oxide  and  an  anhydride. 
A  neutral  salt  is,  properly  speaking,  one  in  which  all  the  hy- 
drogen atoms,  whether  of  base  or  acid,  have  been  replaced  as 
just  stated.  A  basic  salt  is  one  in  which  one  or  more  of  the 
hydrogen  atoms  of  the  base  remain  undisturbed,  and  therefore 
still  capable  of  replacement  by  acid  radicals.  An  acid  salt  is 
one  in  which  one  or  more  of  the  hydrogen  atoms  of  the  acid 
remain  undisturbed,  and  therefore  capable  of  replacement  by 
basic  radicals. 

But  besides  the  basic  and  acid  salts  which  come  under  these 
definitions,  there  are  also  others  which  can  be  most  simply  de- 
fined as  consisting  of  several  molecules  of  the  metallic  oxide  to 
one  of  anhydride,  or  of  several  molecules  of  anhydride  to  one 
of  the  metallic  oxide. 

As  an  example  of  acid  salts  of  the  second  class  we  have,  be- 
sides the  two  sodic  sulphates  mentioned  on  page  108,  also  a  third, 
which  may  be  written  Na^0,2S0^.  This  is  easily  obtained  by 
simply  heating  the  acid  sulphate. 

2  (H,  Na^O^'SO^i  =  Na^O,  2  SO^  +  S,®  [46] 

Add  8q<Uo  Snlpluto.  Sodie  Bfralpbslt.         Watar. 

If  heated  to  a  still  higher  temperature,  one  molecule  of  the  anhy- 
dride is  set  free,  and  the  salt  falls  back  into  the  neutral  sulphate. 

Na^0,280^  =  Nafi^SO^  -h  0®, 

Blwilptiato.  Neatnl  Bolphalt.      Aahydiid*. 

This  reaction  justifies  the  dualistic  form  given  to  the  symbol ; 
but  other  relations  of  the  bisulphate  may  be  better  expressed  by 
the  following  typical  formula,  — 

Na^'Oi^iSOfO-SO^  =  Na^'O^'SO^  +  SO. 

SodleBtoalphiite.  Ntntnl  Bolvluito.     ABhjdrfdt. 
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in  which  a  group  of  two  atoms  of  SO^  soldered  together  by  one 
atom  of  oxygen,  acts  as  a  bivalent  radical 

As  an  example  of  a  basic  salt  of  the  second  class  we  have,  in 
addition  to  the  two  plumbic  acetates  of  the  normal  type, 

Pb^Of{CtH^O\       and        PlrOACAO),H 

Htntnl  PlttmUe  Aettaia  BmIo  nnmblB  Amteta. 

a  third  salt  containing  three  times  as  much  lead,  — 

IPh-^PlrO-PhyOAC^H.O)^  [47] 

TMplnmbieAMCiite.  ^      ** 

in  which  a  group  of  three  atoms  of  lead,  soldered  together  by 
two  atoms  of  oxygen,  acts  as  a  bivalent  radical.  It  is  evident 
that  theoretically  any  num^^r  of  multivalent  radicals  might  be 
united  in  this  way,  and  also  that  the  complex  radical  thus 
formed  will  have  a  quantivalence  easily  determined  by  esti- 
mating the  number  of  bonds  which  remain  unsatisfied;  but 
practically  the  grouping  cannot  be  carried  to  a  very  great  ex- 
tent, for  the  stability  of  the  radical  diminishes  with  its  com- 
plexity, and  a  condition  is  soon  .reached  when  it  can  no  longer 
sustain,  if  we  may  so  express  it,  its  own  weight  Moreover, 
while  some  radicals,  like  the  atoms  of  lead,  copper,  mercury, 
and  iron,  are  prone  to  group  themselves  in  this  way,  the  larger 
number  show  but  little  tendency  to  this  mode  of  union. 

The  symbols  of  these  acetates  may  also  be  written  on  the 
dualistic  type,  which  represents  them  as  compounds  of  plumbic 
oxide>  PbO,  and  acetic  anhydride,  C^PJO^    We  have,  then, 

PhO.an^o^     and      zpho.an^o^        [48] 

and  we  may  thus  best  illustrate  the  important  fact  that  the 
second  compound  is  prepared  by  combining  with  the  first  an 
additional  quantity  of  plumbic  oxida 

It  will  appear,  on  reviewing  the  symbols  of  the  acids,  bases, 
and  salts  given  in  this  section,  that  in  by  far  the  greater  num- 
ber the  two  parts  of  the  molecule  are  held  together  by  one  or 
more  atoms  of  oxygen,  which  act  as  a  vinculum.  Such  com- 
pounds are  called  oxygen  salts,  using  the  word  saU^  as  is  fire- 
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quentlj  done,  to  stand  for  acids  and  bases,  as  well  as  for  the 
true  metallic  salts ;  and  in  fact  they  all  belong  to  the  same  type 
of  chemical  compounds.  Since  oxygen  plays  so  important  a  part 
in  terrestrial  nature,  we  might  well  expect  that  these  oxygen 
compounds  would  hold  a  veiy  conspicuous  place  in  our  chemical 
science;  and  such  is  indeed  the  fact.  During  the  dualistic 
period  the  study  of  chemistry  was  almost  wholly  confined  to  the 
oxygen  compounds,  and  even  now  they  occupy  by  far  the  largest 
share  of  a  chemist's  attention. 

There  is,  however,  another  element,  namely,  sulphur,  which  is 
capable  of  filling  the  place  occupied  by  oxygen  in  many  of  its 
compounds,  and  thus  may  be  formed  a  distinct  class  of  bodies 
which  are  called  sulphur  salta  These  compounds  are  not  nearly 
so  numerous  as  the  oxygen  salts,  and  have  not  been  so  well 
studied,  so  that  a  few  examples  will  be  sufficient  to  illustrate 
their  general  composition,  and  the  relations  which  they  bear  to 
the  corresponding  oxygen  compounds. 

Oxygen  Scdts,  Sulphur  SalU. 

HO-H  IfS-H 

Water  or  Hjdrlo  Add.  Bnlphohydilo  AeM. 

K'O-H  K'S-B 

Hjdnite.  ffphwilu  Balphohydialt 


K^OiCO  KfSfCS 


40.  Test-Papan.  —  The  soluble  bases  and  acids,  when  dissolved 
in  water,  cause  a  striking  change  of  color  in  certain  vegetable 
dyes,  and  these  characteristic  reactions  give  to  the  chemist  a 
ready  means  of  distinguishing  between  these  two  important 
classes  of  compounds.  The  two  dyes  chiefly  used  for  this  pur- 
pose are  turmeric  and  litmus,  and  strips  of  paper  colored  with 
the  dyes  are  employed  in  testing.  Turmeric  paper,  which  is 
naturally  yellow,  is  turned  brownish  red  by  bases,  whUe  litmus 
paper,  which  is  naturally  blue,  is  turned  red  by  acids,  and  in 
both  cases  the  natural  color  is  restored  by  a  compound  of  the 
opposite  class. 

If  to  a  solution  of  a  strong  base,  like  sodic  hydrate,  we  add 
slowly  and  carefully  a  solution  of  a  strong  add,  like  sulphuric. 
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we  shall  at  last  reach  a  condition  in  which  the  solution  afiTects 
neither  test-paper,  and  it  is  then  said  to  be  neutral.  On  evaporat- 
ing this  solution  we  obtain  a  neutral  salt,  like  sodic  sulphate,  and 
the  presence  in  the  solution  of  the  slightest  excess  of  acid  or 
base  beyond  the  amount  required  to  form  this  salt  would  have 
been  made  evident  by  the  test-papers.  In  such  cases,  we  may 
therefore  use  these  test-papers  to  distinguish  between  acid,  basic, 
and  neutral  salts,  but  only  with  great  caution ;  for  we  find  that 
when,  as  in  acid  sodic  carbonate,  a  strong  base  is  associated 
with  a  weak  acid,  the  reaction  is  still  basic,  although  the  acid 
may  be  greatly  in  excess,  and,  on  the  other  hand,  when,  as  in 
cupric  sulphate,  a  weak  base  has  been  associated  with  a  strong 
acid,  the  reaction  may  be  strongly  acid  even  in  the  basic  salts. 
The  explanation  of  these  apparent  anomalies  is  to  be  found  in 
the  fact  that  these  colored  reagents  are  all  salts  themselves,  and 
the  reactions  examples  of  metathesis.  The  coloring  matter  of 
these  dyes  is  an  acid  which  varies  its  tint  according  as  the  hy- 
drogen atoms  have  or  have  not  been  replaced ;  and  when,  for 
any  reason,  the  acid  or  base  of  the  salt  examined  is  not  in  a 
condition  to  determine  the  necessary  metathesis,  the  character- 
istic change  of  color  does  not  take  place. 

Unfortunately,  the  facts  just  stated  have  led  to  great  confusion 
in  the  use  of  the  words  add  and  haste  as  applied  to  salts,  since 
these  terms  sometimes  have  reference  solely  to  the  number  of 
atoms  of  hydrogen,  in  the  acid  or  base,  which  have  not  been 
replaced  in  the  formation  of  the  salt,  and  at  other  times  refer  to 
the  reactions  of  the  salt  on  the  colored  reagents  just  described. 
A  confusion  of  this  sort  must  have  been  noticed  in  the  first  and 
commonly  used  names  of  the  three  phosphates  of  soda  on  page 
108.  The  so-called  neutral  phosphate  is  theoretically  an  acid 
salt,  and  the  basic  phosphate  a  neutral  salt,  but  the  salts  give 
with  test-papers  the  reactions  which  their  names  indicate.  The 
theoretical  is  the  only  Intimate  use,  and  the  one  we  shall  ad- 
here to  in  this  book,  except  in  regard  to  names  of  compounds 
which  cannot  be  arbitrarily  changed 

41.   Alcohols,  Tat  Aoids,  Bthers.  —  The  hydrocarbon  radicals 

mentioned  in  §  35  yield  a  very  large  number  of  compounds 
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which  are  closely  allied  to  the  hydrates  and  anhydrides,  both 
acid  and  basic,  just  described.  If  one  of  the  hydrogen  atoms  in 
the  molecule  of  water  is  replaced  by  either  of  the  univalent  basic 
radicals,  methyl,  ethyl,  propyl,  etc.,  we  obtain  a  class  of  compounds, 
already  referred  to,  called  alcohols,  of  which  our  common  alcohol 
is  the  most  important  On  the  other  hand,  if  the  atom  of  hydro- 
gen is  replaced  by  one  of  the  univalent  acid  radicals,  formyl^ 
acetyl,  propionyl,  etc.,  we  obtain  the  parallel  class  of  acid  com- 
pounds, of  which  acetic  acid  (vinegar)  is  the  best  known,  but 
which  also  includes  a  large  number  of  fatty  substances  closely 
related  to  our  ordinary  fats.  Hence  the  name  Fat  Acids,  by 
which  this  class  of  compounds  is  generally  designated 

Basic  Hydrates^  or  Aloohob. 

Methylic  Alcohol  (wood  spirits),  CH^O-H 

Ethylic  Alcohol  (common  alcohol),  Cfi^O-H 

Propylic  Alcohol,  C^E^-  OH 

Butylic  Alcohol,  C^H^'  OH 

AmyUc  Alcohol  (fusel  oil),  C^H^fOH 

Acid  Hydrates,  or  Fat  Acids. 
Formic  Acid,  H  OGHO 

Acetic  Acid,  H  OC^H^  O 

Propionic  Acid,  H  OCJH^  O 

Butyric  Acid,  HOCJl^  0 

Valerianic  Acid,  H  OCfi^  0 

If  now  we  replace  both  of  the  hydrogen  atoms  of  water  by  the 
same  basic  radicals  mentioned  above,  we  obtain  a  class  of  com- 
pounds called  ethers,  which  correspond  to  the  metallic  oxides  or 
basic  anhydrides ;  and  if  we  replace  the  two  hydrogen  atoms  by 
the  corresponding  acid  radicals,  we  obtain  a  similar  series  of  acid 
anhydrides.  Lastly,  if  we  replace  one  of  the  hydrogen  atoms  by 
a  basic  radical,  and  the  other  by  an  acid  radical,  we  get  a  class 
of  compounds  also  called  ethers  (but  distinguished  as  compound 
ethers),  which  correspond  to  the  salts. 
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Examples  of  Anhydrides^ 

1.  Simple  Ethers. 

MethyHc  Etber.  CH^-  OCH^  or  (CH^-  0 

Ethylic  Ether  (oommon  ether),  CJS^OC^^  or  {CJf^fO 

2.  Mixed  Ethers. 

Methyl-ethyl  Ether,  CH^  (XI ^H^ 

Ethyl-amyl  Ether,  C^^OCfin 

8.  Gompoand  Ethers. 
Acetic  Ether,  (7,F,-  (H!^^  0 

Butyiio-methyl  Ether,  CH^  OO^Hj  0 

L  Add  Anhydrides. 
Acetic  Anhydride,  CtH^O-OC^^O  or  {CfH^O)fO     . 

Valerianic  Anhydride,  C^H^O-ChC^H^O  or  lG^H^O)fO 

The  positive  radicals  which  the  alcohols  contain  hold  an  in- 
termediate position  between  the  strong  basic  radicals  on  the  one 
hand,  and  the  strong  acid  radicals  on  the  other ;  and  the  same 
is  true  of  the  alcohols  themselves,  which  hold  a  middle  place 
between  the  strong  basic  and  the  strong  acid  hydrates.  This  is 
indicated  by  the  following  reactions ;  in  what  way  it  is  left  to 
the  student  to  inquire. 

42.  aiyools.  —  If  in  the  double  molecule  of  water  {H^^O^^H^ 
we  replace  one  of  the  pairs  of  hydrogen  atoms  by  either  of  the 
bivalent  positive  radicals,  ethylene,  propylene,  butylene,  etc.,  we 
obtain  a  series  of  compounds  closely  resembling  the  alcohols, 
called  glycols,  and  by  substituting  the  related  negative  radicals 
we  obtain  two  series  of  acid  hydrates,  which  stand  in  the  same 
relation  to  the  glycols  that  the  fat  acids  bear  to  the  alcohols. 
These  relations  are  shown  in  the  following  scheme,  which,  how- 
ever, includes  only  the  first  five  members  of  each  of  these  three 
series  of  compounds.    It  should  be  noticed  in  this  connection 
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that  each  of  the  bivcUeni  positive  radicals  yields  tim  related  Tugcu- 
live  radicals^  while  the  univalent  positive  radicals  of  the  last  sec- 
tion yield  only  one  such  negative  radical ;  and,  moreover,  that 
the  acids  in  the  first  series,  although  diatomic,  are  only  mono- 
basic, while  those  in  the  second  series  are  both  diatomic  and 
dibasic  (§  44). 

CJI.-OfIL  mO^CJ^J)  BiOjtC/). 

Siajlie  GtjooL  OljMllo  leid.  Oxdto  AoUL 

^^•aS  ^^-Sif^^  ^i^&''* 

C.H.-O.-EL  H^-OfCJLO  HfO.<},H.O^ 

BotjOe  OlyooL  OxybolTrio  AdU.  finedaitt  Add. 

C^H^'O.'H^  HfO{C,HJ)  EfOiG^Hfi^ 

Xaiylk  G&ooL  VateolMtIo  Add.  Pyvotertailo  Add* 

C.H,fOfHt  HfOfC^H^O  HfOfC.KO, 

]|«J9l  OlTcd.  Ltode  Add.  Adiple  Ad£ 

Corresponding  to  these  basic  and  acid  hydrates  we  have  also 
been  able  to  obtain  in  several  cases  the  basic  and  acid  anhydrides, 
besides  a  very  large  number  of  compound  ethers. 

43.  aiycerines.  —  Our  common  glycerine,  HfO^C^H^y  may  be 
regarded  as  formed  from  three  molecules  of  water,  HfO^H^j  by 
replacing  one  of  the  groups  of  hydrogen  atoms  with  the  trivalent 
radical  glyceryl  (Cj5i) ;  and  from  glycerine  we  may  derive  acids, 
anhydrides,  and  ethers  bearing  to  each  other  the  same  relations 
as  those  derived  from  the  alcohols  and  glycols.  The  natural 
fats,  for  example,  are  compounds  derived  from  glycerine  and  the 
fat  acids.  Glycerine  is  theoretically  the  first  of  a  series  of  com- 
pounds whose  successive  hydrocarbon  radicals  differ  by  the  well- 
known  common  difference  CH^,  but  only  the  first  of  the  members 
of  this  series  is  accurately  known. 

44.  Atomioity  and  Baaioity.  —  We  have  already  seen  that 
the  hydrates,  both  basic  and  acid,  may  be  regarded  as  compounds 
of  the  radical  bydroxyl  {BrO) ;  and  this  simply  amounts  to  say- 
ing that  their  molecxdes  contain  one  or  more  hydrogen  atoms 
connected  with  the  nucleus  by  an  oxygen  atom  which  serves  as 
a  vinculum.  It  is  only  the  hydrogen  atoms  thus  related  to  the 
molecule  that  are  easily  replaced  by  metallic  atoms  or  other  radi- 
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cals,  and  the  number  of  such  atoms  determines  what  is  called 
the  atomicity  of  the  compound.  Thus  the  alcohols  and  fat  acids 
are  monatomic,  the  glycols  are  diatomic,  and  the  glycerines  are 
triatomic  compounds  With  the  acid  hydrates  we  sometimes 
distinguish  between  atomicity  and  basicity,  the  first  being  meas- 
ured by  the  total  number  of  hydrogen  atoms  that  can  be  replaced 
by  a  simple  metathetical  reaction  of  any  kind,  and  the  last  de- 
pending on  the  number  of  hydrogen  atoms  which  can  be  replaced 
by  strong  basic  radicals  such  as  the  metals  of  the  alkalies.  As  a 
general  rule,  it  is  true  that  the  basicity  is  the  same  as  the  atom- 
icity, but  this  is  not  always  the  case.  Thus  lactic  acid  is  diatomic 
but  monobasic,  and  the  same  is  true  of  the  other  acids  homologous 
with  it  (page  116). 

LMOeidd.  8odloLaetat».  8odIo  BnaolMtete. 

Only  one  atom  of  hydrogen  can  be  replaced  by  a  metallic 
radical,  but  a  second  may  be  replaced  by  either  a  negative  or  an 
alcoholic  radical,  as  in  the  last  three  symbols;  and  in  designating 
the  atoms  thus  differently  related  to  the  molecular  structure,  it 
is  usual  to  call  the  first  basic,  and  the  other  alcoholic  hydrogen. 

If  the  symbols  of  lactic  acid  and  its  salts  are  written  in  the 
graphic  form,  it  will  be  seen  that^  while  the  atomicity  depends  on 
the  number  of  hydroxyl  groups  in  the  molecule,  the  basicity  de- 
pends on  the  number  of  groups  of  the  radical  (ErChCO)  called 
carboxyL  This  structural  difference  appears  to  be  the  cause  of 
the  unlike  relations  of  the  two  orders  of  replaceable  hydrogen 
atoms  in  the  compounds  of  carbon,  and  it  is  only  with  these 
compounds  that  the  distinction  between  basic  and  alcoholic  hy- 
drogen has  been  recognized. 

45.  'Watmr  of  CrystaUlsAtlon.  —  Among  the  most  striking 
characteristics  of  the  class  of  compounds  we  call  salts  is  their 
solubility  in  water,  and  their  tendency  on  separating  from  it,  in 
consequence  of  either  the  evaporation  or  the  cooling  of  the  fluid, 
to  assume  definite  crystalline  forms.    These  crystals,  as  a  general 
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rule,  are  complex  ciystalline  aggr^tes  of  molecules  of  the  salt 
and  molecules  of  water.  The  water  is  held  in  combination  by  a 
comparatively  feeble  force,  and  may  be  generally  driven  off  by 
exposing  the  salt  to  the  temperature  of  100''  C,  when  the  crystals 
fall  to  powder.  Sometimes  it  escapes  at  the  ordinary  tempera- 
ture of  the  air,  when  the  crystals,  as  before,  fall  to  powder  and 
are  said  to  effloresce.  It  thus  evidently  appears  that  the  water, 
although  an  essential  part  of  the  crystalline  structure,  is  not  in- 
herent in  the  chemical  molecule,  and  hence  the  name  Water  of 
Crystallization.  The  presence  of  water  of  crystallization  in  a 
salt  is  expressed  by  writing  after  the  symbol  of  the  salt^  and 
separated  from  it  by  a  period,  the  number  of  molecules  of  water 
with  which  each  salt  molecule  is  associated.    Thus  we  have 

FeSO,,l  H^O  Na^CO.AOH^O 

OTitalUMd  Femof  Bidpbatet  or  Oraan  VllrioL  QyiWUMd  Sodie  driMMte.  qr  Stl  Bodi. 

The  same  salt,  when  crystallized  at  different  temperatures  not 
unfrequently  combines  with  different  amounts  of  water  of  crys- 
tallization, the  less  amounts  corresponding  to  the  higher  tempera- 
tures. Thus  manganous  sulphate  may  be  crystallized  with  three 
different  amounts  of  water  of  crystallization.    We  have 

MnSO^.  TB^O  when  crystallized  below  6**  C. 
MnSO^,  5ffiO    "  "  between  7°  and  20^ 

MnSO^.iir^O    "  «  between  20^  and  30^ 

The  crystalline  forms  of  these  three  compounds  are  entirely 
different  from  each  other;  and  this  fact  again  corroborates  the 
view  that  the  molecules  of  water,  while  a  part  of  the  crystalline 
structure,  are  not  a  part  of  the  chemical  type  of  the  salt  It 
will  be  well  to  distinguish  the  molecular  aggregate,  which  the 
symbols  of  this  section  represent,  from  the  simpler  chemical 
molecules  by  a  special  term,  and  we  propose  to  call  them  crystal- 
line molecules.  While,  however,  there  ia  little  room  for  differ- 
ence of  opinion  in  regard  to  the  relations  in  which  the  molecules 
of  water  stand  to  the  structure  of  most  crystals,  there  are  cases 
where  the  condition  is  apparently  far  less  simple,  and  where  we 
find  the  water  so  firmly  bound  to  the  salt  itself  that  it  seems  to 
form  a  part  of  its  atomic  structure. 
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QUESTIONS  AND  PROBLEMS. 

1.  Analyze  leactions  [38].  Show  what  is  meant  by  a  metallic  hy« 
diate,  and  define  the  term  alkaU.  Write  the  similar  reactions  which 
may  be  obtained  with  lithium,  caldumy  and  rabidium.  Name  in  each 
case  the  class  of  compounds  to  which  the  &ctors  and  products  belong. 
Also  represent  these  reactions  by  graphic  symbols. 

2.  Analyze  reactions  [39].  State  the  distinction  between  an  alka- 
line earth  and  an  alkali,  and  write  the  similar  reactions  which  may  be 
obtained  with  barium  and  strontiuqL  Name  in  each  case  the  class  of 
compounds  to  which  the  factors  and  products  belong.  Also  represent 
the  reactions  by  graphic  symbols. 

3.  Analyze  reactions  [40]  and  [41],  and  write  the  similar  reactions 
which  may  be  obtained  with  either  of  the  metals  calcium,  strontium, 
barium,  and  magnesium.  What  theory  of  the  constitution  of  the  me- 
tallic hydrates  do  these  reactions  suggest ) 

4.  In  what  respects  do  the  hydrates  Ocb'O^H^  and  M^O^Hg  diJDfer 
from  K-O-HdsA  NarO-m 

5.  Analyze  reactions  [42],  and  show  that  the  principal  products 
must  be  regarded  as  hydrates.  Name  the  class  of  compounds  to  which 
the  other  products  and  factors  belong. 

6.  State  the  third  theory  which  is  held  in  regard  to  the  constitution 
of  the  hydrates,  and  write  the  symbols  of  the  different  hydrates  accord- 
ing to  this  view.  Also  bring  these  symbols  into  comparison  with  those 
of  the  same  compounds  written  after  the  other  two  plans,  and  show  by 
means  of  graphic  symbols  how  far  these  forms  are  arbitrary,  and  how 
&r  they  represent  fundamental  differencea 

7.  In  what  sense  may  the  solution  of  ammonia  gas  in  water  be  re- 
garded as  a  hydrate  1  Write  reactions  [42],  using  ammonic  hydrate 
instead  of  the  hydrates  of  sodium,  potassium,  and  bariunu 

8.  In  what  relation  do  the  metallic  oxides  stand  to  the  hydrates  % 
Define  the  term  hoM. 

9.  Define  the  term  «att,  and  iUustiate  your  definition  by  ex- 
ample 


\ 
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10.  Define  the  tenn  add.  How  does  an  acid  differ  from  a  metallic 
hydrate t  Is  an  acid  necessarily  a  hydrate)  What  two  classes  of 
adds  may  be  distinguished  1 

11.  What  is  the  distinction  between  an  acid  and  a  basic  radicall 
How  are  they  related  to  the  two  hydrogen  atoms  of  water)  Assuming 
that  there  is  no  difference  between  these  two  atoms  in  the  original 
molecule  of  water,  does  not  the  replacement  of  (me  of  the  atoms  by  a 
radical  of  either  class  alter  the  relations  of  the  second  f  Is  there  not 
an  analogy  between  these  phenomena  and  those  of  magnetism) 

• 

12.  Analyze  reactions  [43  et  aeq.^t  and  point  out  the  evidence  of 

acidity  in  each  case. 

13.  Analyze  the  following  reactions:— 

arOrili+    HfO^CO  =   Ch^O^CO      +  ^H^O 

Naa       +    ffi'OfSOt  =  ff,NarOt'SOt+  IHOl 
2Naa     +    H^'0^0^  =  Not'Oi-SOt     +  23101 

Point  out  the  different  acids  and  bases.  In  what  does  the  eTidesoe 
of  their  acidity  or  basicity  appear  either  in  these  or  in  reactions  pre- 
viously given  f  Show  in  each  case  how  the  replacement  of  the  hy- 
drogen atoms  is  obtained,  and  illustrate  the  difference  between  the 
hydrogen  atoms  of  an  acid  and  those  of  a  base.  What  two  classes  of 
acids  may  be  distinguished  1 

14.  Begaiding  the  hydrates  as  compounds  of  hydroxyl,  how  can 
you  define  the  acids  and  bases  of  this  class  t 

15.  Represent  the  composition  of  nitric,  sulphuric,  and  phosphoric 
acid  by  graphic  symbols,  and  show  that  the  two  modes  of  writing  their 
symbols  embody  essentially  the  same  idea. 

16.  Hydrochloric  acid,  acetic  acid,  nitric  acid,  hydriodic  acid,  hy- 
drobromic  acid,  sulphuric  add,  carbonic  acid,  and  phosphoric  add  have 
what  basicity  f    Point  out^  in  the  various  reactions  given  in  this  chap- 
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ter,  the  evidenoe  in  each  casei  and  /write  the  aymbok  of  the  poesible 
aodic  salts  of  the  different  adds. 

17.  What  class  of  compounds  do  the  symhols  SO^  N^O^  ^^0^ 
00^  and  SiO^  represent  1  By  a  comparison  of  symbols  show  how 
these  compounds  may  be  regarded  as  formed  from  water,  and  how 
they  are  related  to  the  corresponding  adds.  To  what  dass  of  com- 
pounds do  they  stand  in  direct  antithesis ) 

18.  Define  the  terms  hcuie  and  add  hydrate,  bade  and  add  anhy- 
dride, and  compare  reactions  [45]  with  [40  and  41]. 

19.  Analyze  the  reaction, 

BaO  +  SO^=:BaO,SO, 

What  reason  may  be  urged  for  writing  the  symbol  of  baric  sulphate  in 
this  way  f  What  was  the  theory  of  the  dualistic  system  in  regard  to 
such  compounds  I  Represent  the  symbol  by  the  graphic  method,  and 
seek  to  determine  whether  the  dualistic  form  is  compatible  with  the 
theory  of  molecular  umty* 

20.  The  following  symbols  represent  compounds  of  what  dass) 
JfO-ir         HiO^FO    Fe^O^H,       2JEF{B0)  (PO^rO 

H-O-NOt     ffi'OfSO^ 


K-O-H 
HfOfSi 


^NarOH 

{FfFt)\0^ 
Na^O^SOt 


EOCJSfi 


Giye  in  each  case  the  name  of  the  compound  so  far  as  you  are  able  to 
infer  it  from  examples  previoudy  given,  and  show  how  the  symbol  is 
related  to  that  of  water. 

21.  Point  out  the  acid^lxisic  and  nenttal  salts  among  the  compounds 
lepiesented  by  the  following  symbols : — 


H,Na'OfCO 
NofOfOO 


KfOf{0,0;i 


{Sg-O-HrO-HgyOfSOt 

[Fe-Fe-\\0f{SOii^ 
KfOf{SO(0-SOii 
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What  two  classes  of  basic  salts  may  be  distinguishedl    Gonyeit  the 
symbols  into  the  dualistic  form. 

22.  Analyze  reactions  [45  and  46],  and  show  how  far  they  justify 
the  dualistic  form  given  to  the  symbols.  Bepresent  the  same  reactions 
in  the  graphical  form. 

23.  What  class  of  compounds  do  the  following  symbols  represent  ? 

Agj^S^'As        AsrS-SbS        Ga^S^'H^ 
Write  the  symbols  of  the  coiresponding  oxygen  compounds. 

24.  £xplain  the  theory  of  the  colored  testrpapers,  and  the  use  of  the 
terms  acid  and  basic  in  connection  with  them.  To  what  confusion 
does  the  double  meaning  of  these  terms  sometimes  lead ) 

25.  The  members  of  the  series  of  alcohols  stand  in  what  relation  to 
each  otherl  Does  the  same  relation  exist  between  the  members  of  the 
series  of  fat  acids,  glycols,  etc.1  Find  a  general  symbol,  which  will 
represent  the  composition  of  each  of  these  classes  of  compounds. 

26.  In  what  relations  do  the  alcohols  stand  to  the  fat  adds,  and  the 
glycols  to  the  acids  derived  &om  them  ? 

27.  Select  examples  from  each  of  the  classes  of  compounds  de- 
scribed in  §§  41,  42,  and  43,  and  bring  the  symbols  into  comparison 
with  those  of  some  simple  hydrate  or  anhydride  with  which  they 
exactly  correspond. 

28.  We  are  acquainted  with  a  class  of  compounds  known  as  con* 
densed  glycols,  one  of  which  has  the  following  symbol :  — 

To  what  dass  of  salts  does  this  correspond  ? 

29.  Judging  firom  the  following  symbols  of  a  few  of  the  salts  of  tar- 
taric acid,  what  condusion  should  you  reach  in  regard  to  the  atomicity 
and  basicity  of  this  addl 

H^O:iC,H^Oi)       K,H^0XOA0,)       K^HfO^^O.H^O,) 
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30.  What  is  the  atomicit  j  and  hasicity  of  the  different  acids  whose 
symbols  have  been  given  in  this  chapter  1  Does  the  basicity  of  the 
different  hydrocarbon  acids  (§  41  to  §  44)  appear  to  have  any  connec- 
tion with  the  number  of  oxygen  atoms  in  the  radical  1  Give  a  defini- 
tion of  atomicity  and  basicity  which  applies  in  all  these  cases. 

31.  How  do  you  explain  the  state  of  combination  of  the  water 
which  enters  into  the  composition  of  most  crystalline  salts  1  Show  by 
an  example  how  this  mode  of  combination  is  represented  symbolically. 
What  facts  may  be  adduced  in  support  of  the  opinion  that  the  mole- 
cules of  water  are  not  a  part  of  the  chemical  type  of  the  salt  1 


CHAPTER  X. 


CHEMICAL  NOMENCLATUBE. 


46.  Origiii  of  NomenoUtara  —  Previous  to  the  year  1787  the 
names  given  to  chemical  compounds  were  not  conformed  to  any 
general  rules;  and  many  of  these  old  names,  such  ^  M  of 
Tntriol,  ccdomel,  corrosive  svblimate,  red  precipUate,  saltpetre,  sal- 
soda,  borax,  cream  of  tartar,  Olavier^s  and  Epsom  salts,  are  still 
retained  in  common  use.  As  chemical  science  advanced,  and 
the  number  of  known  substances  increased,  it  became  important 
to  adopt  a  scientific  nomenclature,  and  the  system  which  came 
into  use  was  due  almost  entirely  to  Lavoisier,  who  reported  to 
the  French  Academy  on  the  subject,  in  behalf  of  a  committee, 
in  the  year  named  above.  In  the  Lavoisierian  nomenclature 
the  name  of  a  substance  was  made  to  indicate  its  composition ; 
and  at  the  time  of  its  adoption,  and  for  fifty  years  after,  it  was 
probably  the  most  perfect  nomenclature  which  any  science  ever 
enjoyed.  It  was  based,  however,  on  the  dualistic  theory,  of 
which  Lavoisier  was  the  father ;  and  when  at  last  the  science 
outgrew  this  theory,  the  old  names  lost  much  of  their  signifi- 
cance and  appropriateness.  Within  the  last  few  years  chemists 
have  attempted  to  modify  the  old  nomenclature  so  as  to  better 
adapt  the  names  to  our  modern  ideas.  Unfortunately,  the  result, 
like  most  attempts  to  mend  a  worn-out  garment,  is  far  from 
satisfactory,  although  it  is  probably  the  best  which  under  the 
circumstances  could  be  attained.  The  new  nomenclature  has 
not  the  simplicity  or  imity  of  the  old,  and  its  rules  cannot  be 
made  intelligible  until  the  student  is  more  or  less  acquainted 
with  the  modem  chemical  theories.  Fortunately,  however,  the 
admirable  system  of  chemical  symbols  supplies  the  defects  of 
the  nomenclature,  and  for  many  purposes  may  be  used  in  its 
place.    We  have,  therefore,  developed  this  system  first,  but  have 
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also  used,  meanwhile,  the  corresponding  scientific  names,  so  that 
the  student  might  become  familiar  with  the  nomenclature,  and 
gather  its  rules  as  he  advanced.  A  brief  summary  of  these  rules 
is  all  that  will  be  necessary  here. 

47.  Namw  of  Bi«ments.  7-  The  names  of  the  elements  are  not 
conformed  to  any  fixed  rules.  Those  which  were  known  before 
1787,  such  as  sulphur,  phosphorus,  arsenic,  antimony,  iron,  gold, 
and  the  other  useful  metals,  retain  their  old  names.  Several  of 
the  elements  discovered  since  that  time  have  been  named  in  allu- 
sion to  some  prominent  property,  or  some  circumstance  connected 
with  their  history ;  as  oxygen,  from  of  U9  yewcuo  (acid-generator) ; 
hydrogen,  from  vimp  ff€waia  (water-generator);  chlorine,  from 
xXaipo9  (green) ;  iodine,  bom  ItoBij^  (violet) ;  bromine,  from 
fip&fuy:  (fetid  odor).  The  names  of  the  more  recently  discovered 
metals  have  a  common  termination,  um,  as  potassium,  sodium, 
platinum;  and  the  names  of  several  of  the  more  recently  dis- 
covered non-metals  end  in  ine,  as  cJUorine,  bromine,  iodine,  Jltiorine, 
Equally  arbitrary  names  have  been  given  to  the  compound 
radicals  ;  but,  with  a  few  exceptions,  they  all  terminate  in  yl  or 
ene,  as  ethyl,  acetyl,  hydroxyl,  and  ethylene,  acetylene,  etc. 

48.  Names  of  Binary  Compoonds.*  —  The  simple  compounds 
of  the  elements  with  oxygen  are  called  oxides,  and  the  specific 
names  of  the  different  oxides  are  formed  by  placing  before  the 
word  oxide  the  name  of  the  element,  but  changing  the  termi- 
nation into  ic  or  o%s,  to  indicate  difTerent  degrees  of  oxidation, 
and  using  the  Latin  name  of  the  element  in  preference  to  the 
English,  both  for  the  sal^  of  euphony  and  in  order  to  secure 
more  general  agreement  among  different  languages.  When  the 
same  element  unites  with  oxygen  in  more  than  two  proportions, 
the  Greek  numeral  prefixes  di,  tri,  tetra,  penta,  eta  are  added 
to  the  word  oxide,  in  order  to  indicate  the  additional  degrees. 
Formerly  these  compounds  were  called  oxides  of  the  different 
elements,  the  degrees  of  oxidation  being  indicated  solely  by  the 
prefixes ;  and,  as  the  old  names  are  still  in  very  general  use,  they 
are  also  given  in  the  following  examples. 

*  Binary  componnds  oonsiBt  of  two  elements ;  tenaiy  oompoimdH  of  three ; 
qnaternaty  compounds,  of  four. 
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Agfi 

Nfi 

NO 

NO^ 

FeO 

Fe,0. 


18 
<( 


« 


u 


u 


u 


New  Names. 

Argentic  Oxide 
Kitrous  Oxide 
Nitric  Oxide 
Nitric  Peroxide 
Ferrous  Oxide 
Ferric  Oxide 


or 


a 


u 


u 


u 


Old  Names. 
Oxide  of  Silver 
Protoxide  of  Nitrogen 
Deutoxide  of  Nitrogen 
Peroxide  of  Nitrogen 
Protoxide  of  Iron 
Seequioxide  of  Iron. 


An  exception  to  the  above  rules  la  made  by  some  writers  in 
the  case  of  those  oxides  which,  when  combined  with  the  de- 
ments of  water,  form  acids.  As  has  been  already  stated,  page 
109,  such  compounds  are  sometimes  called  anhydrides,  the  de- 
grees of  oxidation  being  distinguished  as  before,  thus :  — 


SO^ 
SO^ 

N,0, 

P.O. 

00^ 
SiO^ 


IS 
u 


ti 


u 


it 


a 


l< 


u 


Sulphurous  Oxide 
Sulphuric  Oxide 
Nitrous  Trioxidfi 
Nitric  Pentoxide 
Phosphorous  Oxide 
Phosphoric  Oxide 
Carbonic  Dioxide 
Silicic  Oxide 


or 


u 


a 


a 


ti 


ii 


ti 


Sulphurous  Anhydride 
Sulphuric  Anhydride 
Nitrous  Anhydride 
Nitric  Anhydride 
Phosphorous  Anhydride 
Phosphoric  Anhydride 
Carbonic  Anhydride 
SHicic  Anhydride. 


The  names  in  common  use,  even  among  chemists,  of  the  earths, 
the  alkaline  earths,  and  the  alkaline  oxides,  make  another  im- 
portant exception  to  the  general  rules  given  above,  thus :  — 
Al^O^    Aluminic  Oxide  is  commonly  called  Alumina 


BaO  Baric  Oxide 

SrO  Strontic  Oxide 

QzO  Calcic  Oxide 

MffO  Magnesic  Oxide 

K^O  Potassic  Oxide 

Nafi  Sodic  Oxide 


it 


a 


a 


a 


a 


<i 


a 


a 


it 


ti 


a 


it 


tt 


it 


ti 


it 


it 


a 


Baryta 

Strontia 

Lime 

Magnesia 

Potash 

Soda. 


The  names  of  the  binary  compounds  of  the  other  elements  are 
formed  like  those  of  the  oxides. 

Compounds  of  Chlorine  are  called  (XLottdes 

"         «      Bromine      «       "  Biomides 

"         «      Iodine         "       "  Iodides 

"         "      Fluorine      "       "  Fluorufo* 
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ComponndB  of  Sulphur   axe  called  Svlphide$ 

"  "      Nitrogen      "       "  mirides 

"         "      Phosphorus'*       "  Phosphtaa 

"         "      Arsenio        "       "  Aisenufe* 

"         **      Antimony    **      "  Antimonuies 

"         "      Carbon        *'       "  CarbonuiM. 

MoreoYor,  the  specific  names  of  the  several  compounds  also 
follow  the  analogy  of  the  oxides,  thus : — 

I^ew  Namu.  Old  Name». 

SnOl^  is  Stannous  Chloride  or  Protochloride  of  Tin 

Sna^   "  Stannic  Chloride  "  Perohloride  of  Tin 

Fe^S     «  Difenrous  Sulphide  "  Subsulphide  of  Iron 

FeS      "  Ferrous  Sulphide  "  Protosulphide  of  Iron 

Fe^S^    "  Ferric  Sulphide  "  Sesquisulphide  of  Iron 

FeSf     "  Ferric  Bisulphide  "  Bisulphide  of  Iron 

CaF^    "  Calcic  Fluoride  "  Fluoride  of  Calcium. 

Here,  again,  must  be  noticed  certain  exceptions  to  the  general 
rule.  Several  simple  compounds  of  the  elements  with  hydrogen, 
of  which  the  hydrogen  is  easily  replaced  with  a  metal  or  positive 
radical,  are  called  acids,  and  retain  the  specific  names  of  the  old 
nomenclature,  thus :  — 

SOI  or  Hydric  Chloride  is  called  Hydrochloric  Acid 

BBr  "  Hydric  Bromide  "         Hydrobromic  Acid 

HI    "  Hydric  Iodide  "         Hydriodic  Acid 

IFF   "  Hydric  Fluoride  "         Hydrofluoric  Acid 

ff^S  "   Hydric  Sulphide  "         Hydrosulphuric  Acid* 

The  last  compound  is  frequently  called  also  sulphuretted  hydro- 
gen, and  several  other  hydrogen  compounds  are  named  after  the 
same  analogy,  while  others  again  are  usually  called  by  their 
well-known  trivial  names,  thus :  — 

fffiSb  is  Antimoniuretted  Hydrogen,  also  called  Stibine 
ffgAs  "   Arseniuretted  Hydrogen,  also  called  Arsine 
ff^    «   Phosphuretted  Hydrogen,  also  called  Phosphine 
ff^  *'  Anmionia  Gas 

ff/y    "  Marsh  Gas,  or  Light  Carburetted  Hydrogen 
Bfi^  **  Olefiant  Gas,  or,  as  a  radical,  Ethylene. 
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49.  Ternary  OompoimaBi  —  Of  the  old  class  of  ternary  com- 
pounds, it  is  only  those  which  are  formed  after  the  type  of  water 
for  which  the  rules  of  the  nomenclature  need  at  present  be 
explained 

50.  BaMfl.  —  These  we  call  simply  hydrates,  and  for  the  spe- 
cific name  we  take  the  name  of  the  positive  radical,  changing 
the  termination  into  ie  or  ousy  and  using  such  prefixes  as  circum- 
stances may  require,  thus :  — 

yew  Namei.  Old  Namet. 

K'O-H     is  Fotaasic  Hydrate  or  Hydiate  of  PotasL 

CarOfH^  "  Calcic  Hydrate       ''    Hydrate  of  Lime 

F^O^-H^   "  Ferrous  Hydiate    "    Hydiate  of  Protoxide  of  Iron 

Fe^O^^  ''  Ferric  Hydrate      ''    Hydiate  of  Sesquioxide  of  Iron 

Zf^O^H^   **  Zirconic  Hydiate  "    Hydiate  of  Zirconia. 

51.  Adda. — The  inoiganic  acids  all  take  their  specific  names 
from  the  name  of  the  most  characteristic  element  of  the  nega- 
tive radical,  which  is  modified  by  terminations  and  prefixes  as 
befora 

RONO^        is  called  Nitric  Acid 
H^O^SOt  «         Sulphuric  Acid 

H^O^SO  "         Sulphurous  Acid 

Ht'O^iS-O-S)     «         Thiosulphurous  Acid. 

The  specific  names  of  the  organic  acids  are,  as  a  rule,  arbitrary, 
like  tartaric  acid,  citric  acid,  malic  acid,  gallic  acid,  uric  acid, 
and  the  like. 

52.  Salts.  —  The  name  of  a  salt  is  formed  from  the  name  of 
the  acid  from  which  the  salt  is  derived,  preceded  by  the  names 
of  the  basic  radicals.  When  the  name  of  the  acid  ends  in  ic,  the 
termination  is  changed  into  ate  ;  when  in  ot^,  into  tie.  Moreover, 
the  terminations  cus  and  ic  are  retained  in  connection  with  the 
name  of  the  basic  radical,  and  such  prefixes  are  used  as  may  be 
necessaiy  for  distinction,  thus : '— 
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Cc^OiCO  is  Calcic  Carbonate 

C(rOt'{S-OS)  "   Calcic  ThioBulphite 

Bar  Of  SO  ''   Baric  Sulphite 

•     FrOfSOi  "   Ferrous  Sulphate 

Fe^O^{SO;)^  "   Ferric  Sulphate 

(NH^fM^OfPO  **  Ammonio-magnesic  Phosphate 

H,(NII^yNa^O^PO  **   Hydro-axnmonio-sodic  Phosphate 

H^NofO^^PO  "   Hydro-disodic  Phosphate 

-ff^  (7a^  Oj  ^(PO),  "   Tetrahydro-calcic  Diphosphate 

Na^OiB^O^  "   Disodic  Tetraborate  (Borax). 

The  terms  add  and  basic  have  been  used  as  parts  of  the  name 
of  a  salt  very  confusedly.  We  would  propose  to  limit  this 
special  use  of  these  words  to  such  salts  as  still  contain  atoms  of 
hydrogen  replaceable  by  a  radical,  basic  in  the  first  case  and  acid 
in  the  other.  This  use  has  been  followed  on  page  110,  where 
the  distinction  has  been  pointed  out  between  salts  of  this  class 
and  those  basic  and  acid  salts  which  may  be  regarded  as  formed 
by  the  cementing  together  of  several  radicals  into  a  single  com- 
plex group.  Salts  of  this  last  kind  we  would  distinguish  by 
appropriate  prefixes,  but  as  examples  of  names  of  both  forms 
have  already  been  given  on  the  page  cited,  it  will  be  unnecessary 
to  multiply  them  hera 

The  rules  of  the  nomenclature  given  above  conform  to  what 
the  author  regards  as  the  best  present  use  among  chemists. 
There  is,  however,  an  important  departure  from  the  general  use 
which  must  not  be  overlooked.  Several  English  authors,  who 
think  that  the  adjectives  derived  from  the  Latin  names  of  the 
elements,  with  the  terminations  in  ic  and  otis,  are  not  in  harmony 
with  English  idioms,  use  such  terms  as  Gold  Chloride,  Silver 
Nitrate,  and  Iron  Sulphate,  instead  of  Auric  Chloride,  Argentic 
Nitrate,  and  Ferrous  Sulphata  But  although  this  usage  may  be 
safely  followed  in  many  cases,  it  would  greatly  abridge  the  capa- 
bilities of  the  nomenclature  to  express  the  difference  between 
such  compounds  as  ferrous  and  ferric  chloride,  or  cuprous  and 
cupric  oxides. 
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In  a  work  designed  chiefly  for  instruction^  the  writer  has 
thought  it  best  not  only  to  introduce  no  novelties,  but  also  to 
represent  the  actual  usage,  so  far  as  is  possible,  in  all  its  phases. 
He  would,  however,  offer  the  following  suggestions,  as  guides  to 
the  student  in  selecting  for  his  own  use  a  more  uniform  and  pon- 
sistent  system,  hoping  that  before  long  the  chemists  will  reach 
some  agreement  by  which  greater  uniformity  may  be  secured :  — 
First,  that  the  terminations  ic,  ous,  ate,  and  iU,  with  the  modi- 
fying Greek  or  Latin  prefixes,  should  be  used  so  far  as  possible 
to  distinguish  the  different  states  of  quantivalence  of  the  chief 
multivalent  radical  of  the  compound.  Secondly,  that  the  Greek 
numeral  prefixes  shoidd  be  used,  when  necessary,  to  indicate 
the  number  of  atoms  of  any  radical  which  each  molecule  of  such 
compound  contain^.  Thirdly,  that,  in  forming  the  name  of  a 
compound,  it  should  be  the  great  object  to  indicate  its  composi- 
tion, and  that  the  use  of  such  terms  as  a/sid,  basic,  or  anhydride, 
as  parts  of  the  name  of  a  substance,  should  be  avoided. 

By  referring  to  the  list  of  sulphates  on  page  325,  and  to  the 
list  of  sulphites  on  page  321,  the  student  will  find  good  exam- 
ples of  the  application  of  these  principles.  He  will  notice  that 
salts  in  which  the  quantivalence  of  sulphur  is  six  are  called  sul- 
phates, while  those  in  which  it  is  four  aie  called  sulphites,  and 
those  in  which  it  is  two>  hyposulphites. 


QUESTIONS  AND  PROBLEMS. 

1.  Give  the  names  of  the  compounds  represented  by  the  following 
symbols :  — 

a.  KCl;    KtO;    K^;    K^-O^-SO',    K^-O^SO^;  E^'OjriS'O-S). 

h.  FeO\  Fe^O^H^\  Ff^O^CO\  Fe^O^O^Oty  [/W?0«;  Fe^O^^\ 
[Fe,JO^(NO,\. 

c  ff-a;   JBFF;   BONO^i   B-O-NO;   fff 0^-80^;   B^'Ot'SO , 
ZnO. 
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e.  ff,K'0,'SO,;    ^Na^O.^PO;   ff^Na-O^'OO;   H^K-OriC^O^. 

f.  N^N',   17^0;    NO]   NO^]   N^O^)    N^O^;     MnO;    Mn^O^; 

2.  Write  the  symbols  of  the  ibllowing  oompomidB :  — 

a.  Calcic  Sulphide ;  Calcic  Sulphite ;  Calcic  Hyposulphite ;  Calcic 
Sulphate;  Calcic  Hydiate ;  Calcic  Sulphohydzate ;  Calcic  Carbonate; 
Calcic  Sulphocarbonate ;  Calcic  Silicate. 

b.  Water ;  Potassio  Hydrate ;  Nitric  Acid ; .  Potassic  Nitrate ;  Nitric 
Anhydride ;  Potassic  Oxide. 

«.  Magnesic  Oxide;  Magnesic  Hydrate;  Magnesic  Nitrate;  Mag- 
nesic  Carbonate ;  Magnesic  Phosphate ;  Ammonio-magnesic  Phosphate. 

d.  Cuprous  Chloride;  Cupric  Chloride;  Ferrous  Chloride;  Ferric 
Chloride;  Sulphurous  Oxide ;  Sulphuric  Oxide ;  Phosphorous  Oxide ; 
Phosphoric  Oxide. 

N.  B.  Examples  like  the  above  should  be  greatly  multiplied  by  the 
teacher,  pains  being  taken  to  group  together  the  names  and  symbols 
ip.  the  way  best  calculated  to  exhibit  their  relations  and  to  assist  the 
memory. 


CHAPTER  XL* 

MOLBOULAB  WEIGHTS  AlO)  MOLECULAIt  VOLUMES. 

53.  Detemlnatioii  of  Molecular  Weights.  —  The  validity  of 
our  modem  theories  of  chemistry  very  greatly  depends  on 
the  certainty  with  which  molecular  magnitudes  have  been  de- 
fined, and  it  is  of  the  first  importance  for  the  student  of  this 
science  to  be  able  to  appreciate  the  relative  value  of  data  of 
this  kind.  As  has  been  already  stated,  we  do  not  expect  to  de- 
duce from  the  vapor  density  of  a  substance  the  precise  value  of 
its  molecular  weight  The  exact  value  is  determined  by  the  re- 
sults of  chemical  analysis,  which  are,  as  a  rule,  far  more  a^ccurate^ 
and  the  specific  gravity  is  only  used  to  decide  which  of  several  pos^ 
stble  multiples  must  be  the  true  value.^  It  has  also  been  shown 
(§  24)  that  we  can  always  calculate  the  molecular  weight  of  a 
substance  from  the  results  of  a  chemical  analysis,  on  the  assump- 
tion that  the  molecule  contains  the  smallest  possible  number  of 
whole  atoms,  and  that  the  true  molecular  weight  must  be  some 
simple  multiple  of  this  minimum  value.  Moreover,  the  general 
principle  has  been  laid  down,  that  the  definite  quantities  of  two 
or  more  substances  which  concur  in  a  chemical  process  are  either 
in  the  proportion  of  the  molecular  weights  of  these  substances,  or 
of  some  simple  multiples  of  these  weights;  and  since  we  can 
determine  by  analytical  processes  these  definite  propoitions  with 
great  accuracy,  it  follows  that,  when  the  molecular  weight  of  one 
of  the  substances  is  known,  we  can  readily  calculate  a  corre- 
sponding weight  for  each  of  the  others,  and  these  corresponding 

*  This  chapter  is  snpplementaiy  to  the  chapter  on  Molecules,  which  the  sta- 
dent  would  do  well  to  review  in  this  connection.  Although  directly  connected 
with  the  subject  of  Chapter  III.,  the  topics  herein  discussed  involye  prindplet 
which  had  not  then  been  developed. 

t  Compare  carefully  { 18,  and  problem  81,  page  87. 
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weights  are  either  the  molecular  weights  of  the  substances  in 
question,  or  some  simple  multiples  of  these  weights,  and  as 
between  these  multiples  the  vapor  density  will  enable  us  to 
decide. 

The.  general  principle  last  stated  may  be  applied  in  a  great 
variety  of  ways,  which  are  readily  comprehended  and  best  stud- 
ied in  connection  with  special  cases.  The  most  general  method 
is  the  one  previously  referred  to,  which  consists  in  determining 
the  molecular  weight  approximately  from  the  vapor  density,  and 
correcting  the  result  from  the  percentage  composition  deduced 
by  chemical  analysis  (§  24).  But  although  our  modem  chemical 
theories  rest  in  great  measure  on  the  molecular  weight  of  a  few 
typical  compounds  determined,  at  least  approximately,  by  their 
specific  gravities,  yet  it  is  only  in  a  comparatively  few  cases  that 
we  are  able  to  refer  the  molecular  weight  of  a  substance  directly 
to  this  fundamental  measure.  Most  substances  are  so  fixed,  or  so 
easily  decomposed  by  heat,  that  it  is  impossible  to  determine  the 
specific  gravity  of  their  vapor,  even  when  such  a  condition  is 
possible.  In  these  cases,  however,  we  endeavor  to  refer  the 
molecular  weight  indirectly  to  the  fundamental  measure,  by 
establishing  a  relation  of  chemical  equivalency  between  the 
substance  whose  molecular  weight  is  sought  and  some  dasdy 
allied  volatile  substance  whose  molecular  weight  has  been  pre- 
viously determined  in  the  manner  described  above.  A  few  ex- 
amples will  make  the  application  of  this  principle  intelligible. 

It  is  required  to  determine  the  molecular  weight  of  nitric  acid. 
A  careful  study  of  the  numerous  nitrates  leads  to  the  conclusion 
that  this  acid,  like  hydrochloric  acid,  HCl,  contains  but  one  atom 
of  replaceable  hydrogen.  For  example,  we  find  but  one  potassic 
nitrate  and  one  sodic  nitrate,  whereas  we  should  expect  to  find 

• 

several,  if  the  acid  were  polybasic.  Hence  we  conclude  that  one 
molecule  of  argentic  nitrate,  like  one  molecule  of  argentic  chlo- 
ride, AgCl,  contains  but  one  atom  of  silver.  Next,  we  analyze 
aigentic  nitrate,  and  find  that  100  parts  of  the  salt  contain 
63.53  parts  of  silver.  We  know  the  atomic  weight  of  silver, 
108,  and  evidently  this  must  bear  the  same  relation  to  the  mo- 
lecular weight  of  argentic  nitrate  that  63.63  bears  to  100.    But 
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63.53 :  100  — 108 :  a;  =  170,  which  is  the  molecular  weight  of 
argentic  nitrate,  and,  since  the  molecule  of  nitric  acid  differs 
from  that  of  argentic  nitrate  only  in  containing  an  atom  of  hydro- 
gen  in  place  of  the  atom  of  silver,  its  own  weight  must  be 
170-108  +  1  =  63. 

It  is  required  to  determine  the  molecular  weight  of  sulphuric 
acid.  A  comparison  of  the  different  sulphates  shows  that  sul- 
phuric acid  is  dibasic  We  find  two  sulphates  of  potassium  and 
sodium,  an  acid  sulphate  and  a  neutral  sulphate,  and  hence  we 
conclude  that  this  acid  contains  two  replaceable  atoms  of  hy- 
drogen, and  hence  that  one  molecule  of  neutral  potassic  sulphate 
contains  two  atoms  of  potassium  In  analyzing  potassic  sul- 
phate it  appears  that  100  parts  of  the  salt  contain  44.83  parts  of 
potassium,  and  evidently  this  weight  bears  the  same  relation  to 
100  that  the  weight  of  two  atoms  of  potassium  bears  to  the  weight 
of  the  molecule  of  potassic  sulphate.    Thus  we  have,  — 

44.83  :  100  =  78  :  a;  =  174,  the  J/l  W.  of  Potassic  Sulphate ;  and 

174  —  78  +  2  =  98,  the  M.  W.  of  Sulphuric  Acii 

■ 

By  a  similar  course  of  reasoning  we  may  deduce  from  the 
results  of  analysis,  and  from  the  general  chemical  relations,  the 
molecular  weight  of  any  other  acid  or  base.  If  there  is  any 
question  in  regard  to  the  basicity  of  the  acid  or  the  acidity  of  the 
base,  there  will  be  the  same  question  as  to  the  molecular  weight ; 
but  we  cannot  be  led  far  into  error,  for  the  true  weight  will  be 
some  simple  multiple  or  submultiple  of  the  one  assui^ed,  and 
the  progress  of  science  will  sooner  or  later  correct  our  mistake. 
From  the  molecular  weight  of  any  acid  we  easily  deduce  the 
molecular  weights  of  all  its  salts. 

When  the  substance  is  not  distinctively  an  acid  or  a  base,  but 
is  capable  of  entering  into  combination  with  other  bodies,  we  can 
frequently  discover  its  molecular  weight  by  determining  experi- 
mentally how  much  of  this  substance  is  equivalent  to  a  known 
weight  of  some  allied  but  volatile  substance  whose  molecular 
weight  is  known.  Thus  ammonia  gas,  whose  molecular  weight 
is  one  of  the  best-estabUshed  data  of  chemistry,  enters  into 
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direct  union  with  a  compoand  of  platinic  chloride  and  hydro- 
chloric acid  (PtCkfff)  to  form  a  definite  crystalline  salt  whose 
composition  is  exactly  known. 

IHCl,B,+  2Nff,=zPta,(irff,),  [49] 

Now  a  very  large  number  of  substances  allied  to  ammonia  form 
with  this  same  platinum  salt  equally  definite  products,  so  that 
by  simply  determining  the  weight  of  platinum  in  these  com- 
pounds, which  id  very  easily  done,  their  molecular  weights  may 
at  once  be  referred  to  the  molecular  weight  of  ammonia. 

In  discussing  this  subject  it  must  not  be  forgotten  that,  when 
the  percentage  and  atomic  weight  of  a  single  constituent  of  a 
compound  is  given,  we  can  always  calculate  by  §  24  a  value 
which  is  either  the  molecular  weight  or  some  simple  submul* 
tiple  of  it ;  and  further,  that,  if  we  can  also  find  out  the  number 
of  atoms  of  any  such  constituent  in  one  molecule  of  the  com- 
pound, the  problem  of  determining  its  molecular  weight  is  com- 
pletely solved.  Hence  the  study  of  chemical  reactions,  and  all 
similar  investigations  by  which  we  seek  to  discover  the  chem- 
ical relations  and  molecular  structure  of  bodies,  serve  also  to 
establish  the  molecular  weight  In  such  cases  as  in  those  pre- 
viously considered  the  student  must  learn  by  experience  the 
many  ways  in  which  the  general  principles  we  have  enunciated 
are  applied,  and  the  special  cases  will  present  little  difficulty  if 
only  these  principles  are  understood.  There  are  many  substances, 
however,  in  regard  to  whose  molecular  weight  we  can  reach  no 
satisfactory  conclusion  In  the  present  state  of  science.  This  is 
especially  true  of  the  native  silicates  and  other  complex  com- 
pounds of  the  mineral  kingdom.  In  such  cases  we  adopt 
provisionally  for  the  molecular  weight  the  value  which  corre- 
sponds to  the  simplest  possible  symbol,  and  wait  until  the  pro- 
gress of  science  enables  us  to  reach  more  definite  conclusions. 

54  Constitation  of  Molaonlas.  —  It  is  a  favorite  theory  with 
some  chemists  that  no  molecule  can  exist  in  a  free  condition 
with  any  of  its  affinities  unsatisfied;  but  those  who  hold  this 
view  are  compelled  to  admit  that  two  points  of  attraction  in 
the  same  atom  may,  in  certain  cases,  neutralize  each  other. 
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Hence  they  would  distingoish  between  a  dyad  atom  like  that 
of  oxygen,  '0-,  with  its  affinities  open,  and  a  dyad  atom  like  that 
of  mercury,  ITg^,  with  its  affinities  closed  through  their  own 
mutual  attraction,  like  two  opposite  magnetic  poles  when  in 
contact  The  first  could  not  exist  in  a  free  condition,  while 
the  last  could.  In  like  manner  any  atom  having  an  even  num- 
ber of  points  of  attraction  can  exist  in  a  free  state,  because  all 
its  affinities  may  be  satisfied  within  itself;  but  an  atom  having 
an  uneven  number  of  points  cannot,  for  at  least  one  of  its  affini- 
ties must  be  open.  As  thus  interpreted,  it  must  be  admitted  that 
the  theory  explains  many  facts. 

For  example,  among  the  univalent  elements,  chlorine,  and  also 
bromine  and  iodine  when  gases,  are  all  known  to  have  molecules 
consisting  of  two  atoms.  So,  also,  the  molecule  of  cyanogen  gas 
consists  of  two  atoms  of  the  radical  CN;  and  the  same  is  true  of 
ethyl,  propyl,  etc.,  at  least  if  the  hydrocarbons  so  named  have 
really  the  constitution  first  assigned  to  them  as  gases. 

Passing  next  to  the  dyads,  we  find  that,  while  oxygen,  sulphur, 
selenium,  and  tellurium  have  molecules  consisting  of  two  atoms, 
the  metals  mercury  and  cadmium,  and  the  radicals  ethylene, 
propylene  (C^^  and  Cyii),  etc.,  have  molecules  which  coincide 
with  their  atoma 

Of  the  well-defined  triad  elements  none  are  volatile,  but  the 
two  triad  radicals  which  have  been  obtained  in  a  free  state  — 
allyl,  Cy?",,  and  kakodyl,  {CH^^As  —  both  have  double  atomic 
molecules. 

In  like  manner  none  of  the  tetrad  elements  are  volatile,  and 
the  only  tetrad  radicals  known  in  a  free  state  have  single  atomic 
molecules. 

Of  the  pentad  elements  nitrogen  has  a  molecule  of  two  atoms, 
while  phosphorus  and  arsenic  have  molecules  of  four  atoms.  No 
compound  radicals  of  this  order  are  known  in  a  free  stata 

Lastly,  the  only  hexad  radical  known  in  a  free  state,  benzol, 
C^JST,,  has  a  molecule  which  coincides  with  its  atom. 

Thus  it  appears  that  in  general  the  theory  is  sustained  by  the 

facts.     Nevertheless  there  are  several  well-marked  exceptions 

m  I 

to  it     Thus  the  well-known  compounds  NO  and  NO^  have 
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molecules  which  act  as  radicals  of  uneven  atomicities  and  yet 
contain  but  one  complex  atom ;  and  certain  recent  experiments 
would  seem  to  indicate  that  at  high  temperatures  it  may  be  pos- 
sible to  dissociate  such  molecules  as  01-01,  and  have  the  univalent 
atoms  existing  by  themselves.  We  must  be  careful,  therefore,  not 
to  give  too  much  weight  to  this  hypothesis,  but  still  it  may  be 
useful  in  co-ordinating  facts.  It  leads  at  once  to  three  general 
principles  which  will  be  found  to  be  almost  universally  true. 

The  first  is,  that  the  sum  of  the  atomicities  of  the  atoms  of 
every  molecule  is  an  even  number. 

The  second  is,  that  the  atomicity  of  any  radical  is  an  odd  or 
even  number  according  as  the  sum  of  the  atomicities  of  its  ele- 
mentary atoms  is  odd  or  even. 

The  third  is,  that  the  quantivalence  of  elementary  atoms  must 
be,  as  stated  on  page  81,  either  even  or  odd.  They  are  artiada  or 
perissads,  and  the  theory  would  lead  us  to  expect  that  the  two 
characters  would  never  be  manifested  by  the  same  elements. 

It  has  also  been  a  question  among  chemists  whether  molecular 
combination  was  possible ;  in  other  words,  whether  it  is  possible 
for  molecules  of  different  kinds  to  combine  chemically,  each  pre- 
serving its  integrity  in  the  compound.  Some  of  the  advocates 
of  the  unitary  theory,  in  the  reaction  against  the  dualistic  sys- 
tem, have  been  inclined  to  doubt  the  possibility  of  such  com- 
pounds, and  have  attempted  to  represent  the  sjrmbols  of  all 
compounds  in  a  single  molecular  group;  but  any  antecedent 
improbability,  on  theoretical  grounds,  is  far  more  than  out- 
weighed by  the  evidence  of  a  large  number  of  compounds  whose 
constitution  is  most  simply  explained  on  the  hypothesis  of 
molecular  combination.  For  example,  in  the  crystalline  salts 
it  is  impossible  to  doubt  that  the  water  exists  as  such,  not  as  a 
part  of  the  salt  molecule,  but  combined  with  it  as  a  whole.  So, 
also,  there  are  a  number  of  double  salts  whose  constitution  is 
most  simply  explained  on  a  similar  hypothesis,  and,  in  the 
present  state  of  the  science,  it  seems  unnecessaiy  to  compli- 
cate their  symbols  by  forcing  them  into  the  unitary  mould.  It 
is  a  characteristic  of  such  molecular  compounds  as  are  here  as- 
sumed, that  the  force  which  holds  together  the  molecules  is  much 


% 
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feebler  than  that  which  binds  together  the  atoms  in  the  molecule. 
When  the  molecular  attraction  is  very  strong,  it  is  probable  that 
in  almost  aU  cases  the  different  molecules  coalesce  into  one ;  and 
between  the  extreme  limits  we  find  compounds  in  which  it  is 
difficult  to  determine  whether  true  molecular  combination  exists 
or  not  Such  coalescing  of  distinct  molecules  seems  always^ 
however,  to  be  attended  with  a  greater  development  of  heat, 
and,  in  general,  with  a  more  marked  manifestation  of  physical 
energies,  than  usually  attends  either  molecular  aggregation  or 
atomic  metathesis. 

In  the  notation  of  this  book  molecular  combination  is  indicated 
by  writing  together  the  symbols  of  the  different  molecules  thus 
united,  but  separating  these  symbols  by  periods.  Thus  the  symbols 
2  IlCI  .  PtCli  and  3  NaF.  SbF^  represent  compounds  of  this  class. 

55.  Xsomeitun,  Polymeriun,  AUotropLim,  PolymorpbiAin.  -^ 
We  have  already  shown  that  the  same  atoms  may  be  grouped 
in  different  ways,  so  as  to  form  different  molecules  which  in 
their  aggregation  present  essentially  distinct  qualities.  Thus 
arise  distinct  substances,  having  the  same  composition  and  the 
same  vapor  density;  and  such  substances,  as  has  been  stated,  are 
said  to  be  isomeric,  and  the  phenomenon  is  called  isomerism. 
There  are  different  phases  of  isomerism,  which  it  will  be  well  to 
distinguish,  not  so  much  on  account  of  any  essential  differences 
in  the  phenomena  as  in  order  to  make  ourselves  better  acquainted 
with  its  manifestations. 

In  the  first  place,  we  have  examples  of  isomeric  bodies  having 
the  same  centesimal  composition  and  molecular  weight,  but  whose 
molecules  have  an  essentially  different  structure.  Thus  aldehyde 
and  oxide  of  ethylene  have  both  the  same  empirical  symbol, 
C^Kfiy  but  the  structure  of  their  molecules  is  indicated  by  the 
very  different  structural  symbols 

{CHi^CH^yO  CH^'CO-H 

Ozid*  of  Ethylene.  AJdehTde. 

So  also  the  same  empirical  symbol  C^fi^^  and  therefore  the 
same  centesimal  composition  and  vapor  density,  are  common  to 

(CK'CHirOiCHO)        and        Cff.-O'iCO'CH.) 

fithjUe  Femele.  MethjUe  Aeetale. 


J 
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Sach  isomeric  compounds  are  essentially  distinct  substances 
in  all  their  chemical  relations,  as  their  wholly  different  names 
indicate. 

The  second  class  of  isomeric  compounds  resemble  each  other 
far  more  closely  than  the  last  They  have  the  same  general 
properties  and  the  same  general  system  of  reactions,  but  differ  in 
a  few  marked  qualities,  physical  or  chemical,  and  preserve  these 
characteristics  to  a  greater  or  less  extent  in  their  derivatives. 
Such  isomers  are  usually  regarded  as  varieties  of  the  same  sub- 
stance, and  are  often  distinguished  by  prefixing  ortho,  para^  or 
meta  to  a  common  name.  The  four  varieties  of  valerianic  acid 
whose  structural  symbols  have  been  given  are  good  examples  of 
this  type  of  isomeric  bodies,  and  by  examining  these  symbols  it 
will  be  seen  that  this  type  differs  from  the  last  only  in  the  fact 
that  the  difference  of  structure  is  less  fundamental. 

The  third  class  of  isomeric  bodies  differ  solely  in  their  physical 
relations.  Chemically  they  are  the  same  substances,  and  are 
known  by  the  same  chemical  name,  although  such  isomers  are 
often  distinguished  by  mineralogists  as  different  species.  Thus 
common  calcic  carbonate  crystallizes  in  two  fundamentally  dis* 
tinct  forms,  corresponding  to  the  two  mineralogical  species  calcite 
and  aragonite,  and  these  differences  of  form  are  accompanied 
by  differences  of  density,  hardness,  and  other  physical  qualities. 
Again,  titanic  oxide  occurs  in  nature  in  three  distinct  forms, 
corresponding  to  the  mineralogical  species  rutile,  brookite,  and 
octahedrite,  marked  as  before  by  differences  of  physical  qualities. 
Compounds  capable  of  such  different  crystalline  states  are  said 
to  be  dimorphous,  trimorphous,  or  polymorphous,  as  the  case 
may  be;  and  our  theories  lead  us  to  refer  the  differences  to 
variations  in  the  grouping  of  the  molecules  by  which  the  crys- 
talline aggregates  are  formed,  and  not  to  any  differences  in  the 
molecules  themselves. 

We  may  distinguish  still  a  fourth  class  of  isomeric  bodies,  in 
which  even  the  physical  differences  are  reduced  to  a  variation 
in  the  distribution  of  certain  planes  on  crystals  which  are 
otherwise  identical,  and  to  a  corresponding  difference  of  optical 
relatione    Thus  there  are  two  varieties  of  tartaric  acid,  the  first 
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of  which  deviates  the  plane  of  polarization  of  a  ray  of  light  to 
the  left^  while  the  second  deviates  it  to  the  right,  and  the  similar 
crystals  of  the  two  varieties  show  certain  slight  differences  in 
the  distribution  of  their  planes ;  but  in  almost  every  other  respect 
the  two  bodies  are  identical.  Such  differences  as  these  are  not 
uncommon,  and  appear  to  be  even  more  fundamental  than  those 
last  described,  since  they  often  persist  after  the  substances  are 
brought  into  solution,  when  it  is  probable  that  the  molecules  are 
separated  more  or  less  widely.  The  two  varieties  of  sugar  called 
dextrose  and  levulose  derive  their  names  from  the  circumstance 
that  an  aqueous  solution  of  the  first  rotates  the  plane  of  polariza- 
tion to  the  right,  while  a  solution  of  the  second  produces  a  simi- 
lar effect  in  the  opposite  direction,  and  a  well-known  process  of 
saccharimetry  is  based  on  these  effects. 

When  two  substances  have  the  same  centesimal  composition 
but  different  molecular  weights,  so  that  the  symbol  of  one  is 
necessarily  a  simple  multiple  of  that  of  the  other,  the  substances 
are  said  to  be  polymeric.  Thus  butyric  acid  and  acetic  ether, 
which  are  isomeric  with  respect  to  each  other,  are  polymeric 
with  respect  to  oxide  of  ethylene  and  aldehyde,  as  will  be  seen 
by  comparing  the  symbols  given  below : — 

Bn^c  Add.  lealie  EUmt. 

(CEfCIf^^  CH.-C(hB 

Oxide  of  Elhylnie.  Aldalgrd*. 

Among  polymeric  as  among  isomeric  bodies  we  find  substances, 
like  those  just  referred  to,  which  differ  very  widely,  and  others 
which  are  so  closely  allied  that  the  heavier  compounds  may  be 
regarded  as  condensed  forms  of  the  lighter ;  and  some  chemists 
confine  the  use  of  the  term  polymers  to  compounds  of  this  last 
class,  like,  for  example, 

CJI^O         and         Cf^BfxA 

Aldahydt.  Fanld«$7de. 

Here,  however,  as  before,  the  differences  are  all  unquestionably 
due  to  differences  of  atomic  or  molecular  structure,  although  in 
many  cases  we  have  not  yet  been  able  to  determine  in  what  the 
difference  consists. 
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Differences  of  condition  similar  to  those  we  have  described 
manifest  themselves  even  more  markedly  among  elementary  sub- 
stances ;  and  the  word  allotrapism  is  usually  applied  in  such 
cases.  Thus  there  are  two  allotropic  states  of  phosphorus, 
which  differ  so  much  from  each  other  that  no  one  would  suspect 
from  their  external  characters  that  there  was  any  identity  be- 
tween them,  and  to  these  two  states  correspond  two  fundamen- 
tally different  crystalline  forma  In  some  cases  the  differences 
between  the  allotropic  states  of  the  same  element  are  far  greater 
than  any  which  are  seen  between  the  most  unlike  isomeric  com- 
pounda  No  substances  could  be  better  defined  by  well-marked 
and  utterly  distinct  qualities  than  diamond,  plumbago,  and  char- 
coal^ and  yet  they  are  all  three  allotropic  modifications  of  the 
one  elementary  substance  we  call  carbon. 

Probably  these  phenomena  are  also  manifestations  of  atomic 
structure.  Thus  we  know  that,  while  a  molecule  of  oxygen  gas 
consists  of  two  oxygen  atoms,  0^,  a  molecule  of  ozone  consists  of 
three,  0^  We  know  also  that,  while  a  molecule  of  sulphur  vapor 
just  above  the  boiling-point  of  sulphur  consists  of  six  atoms,  S^ 
a  molecule  of  the  same  vapor  above  860^  consists  of  only  two 
atoms,  S» ;  and  it  is  a  plausible  theory  that  a  molecule  of  diamond 
differs  from  one  of  charcoal  in  that  it  consists  of  a  larger  number 
of  carbon  atoms.  Differences  of  allotropic  state  may  also  depend 
on  a  difference  in  the  grouping  of  the  same  number  of  atoms, 
but  of  such  differences  we  have  no  positive  indications. 

56.  Moleoalar  Volumes,  BquiTalent  Volumes,  Bpedfio  Vol- 
umes, Atomio  Volmnas.  —  The  fact  that  all  aeriform  bodies  ex- 
pand or  contract  equally  under  the  same  variations  of  temper- 
ature or  pressure,  is  intimately  connected  with  that  equality  of 
molecular  volumes  which  the  law  of  Avogadro  asserts.  With 
liquids  and  solids  no  such  equality  in  these  physical  relations  is 
found,  and  we  should  not  therefore  anticipate  that  their  molecu- 
lar volumes  would  be  as  simply  related.  Moreover,  we  have  no 
direct  and  certain  means  for  determining  the  relative  molecular 
volumes  of  liquid  and  solid  bodies.  It  is  true  that,  if  we  assume 
that  in  such  bodies  the  interspaces  are  insignificant  as  compared 
with  the  actual  volume  of  the  molecules,  or  bear  the  same  rela- 
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tion  to  this  volume  in  all  substances,  then  the  quotients  obtained 
by  dividing  the  molecular  weights  of  different  bodies  by  their 
specific  gravities  would  bear  to  each  other  the  same  relations  as 
the  molecular  volumes  of  these  bodies.  The  first  of  these  as- 
sumptions is  manifestly  wholly  untenable,  and  it  is  equally  evi- 
dent that  the  second  cannot  be  universally  true.  Nevertheless, 
when  we  compare  closely  allied  substances,  we  discover  interest- 
ing relations  between  the  molecular  volumes  calculated  as  just 
described.  It  is  obvious  that  the  absolute  values  of  the  quotients 
obtained  by  dividing  the  molecular  weights  of  different  bodies 
by  their  specific  gravities  must  depend  wholly  on  the  units  to 
which  the  divisors  and  dividends  are  referred.  But  if  we  assume 
that  the  specific  gravity  of  the  molecule  is  the  same  as  the  ob- 
served specific  gravity  of  the  body,  or,  what  amounts  to  the 
same  thing,  that  the  volume  of  a  molecule  is  not  solely  its  abso- 
lute volume,  but  includes  the  whole  of  that  portion  of  space 
which  it  may  be  said  to  occupy ;  then  the  quotients  above  de- 
scribed must  be  proportional  to  the  molecular  volumes  so  defined, 
and  may  not  inappropriately  be  called  the  molecular  volumes  of 
the  bodies,  although  some  authors  prefer  the  terms  equivaUfU 
volume  or  specific  volumes. 

Since  liquids  present  a  much  greater  uniformity  than  solids  in 
their  physical  condition,  we  should  naturally  expect  to  find  sim- 
pler relations  between  their  molecular  volumes,  especially  when 
they  are  compared  as  nearly  as  possible  under  the  same  physical 
conditions,  as,  for  example,  at  the  boiling-points  of  the  several 
liquids.  The  specific  gravity  of  a  liquid  at  its  boiling-point 
cannot  be  ascertained  by  direct  experiment ;  but  when  the  spe- 
cific gravity  at  any  one  point,  for  example,  15°  C,  has  been  de- 
termined, and  the  rate  of  expansion  is  also  known,  the  specific 
gravity  at  the  boiling-point  may  be  calculated.  In  this  way 
Professor  H.  Kopp,  of  Heidelberg,  has  determined  the  molecular 
volumes  of  a  large  number  of  liquids  at  the  boiling-point,  and 
discovered  some  remarkable  relations  between  them. 

1st.  Differences  of  molecular  volume  are  in  numerous  instances 
proportional  to  the  differences  between  the  corresponding  chemi- 
cal 83rmbols.    One  of  the  most  remarkable  examples  of  this  piin- 
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ciple  is  tiie  fact  that  the  difference  of  CHi  in  a  series  of  carbon 
compounds  determines  a  difference  of  22  in  the  molecular  vol- 
umes of  the  successive  members  of  the  series. 

2d.  The  replacement  of  H^  by  0  in  a  chemical  compound,  when 
not  attended  with  an  essential  change  of  the  molecular  structure, 
makes  but  a  slight  alteration  in  the  molecular  volume. 

3d.  The  replacement  of  JSTa  by  (7  in  a  chemical  compound  makes 
no  alteration  of  molecular  volume. 

These  general  principles  have  furnished  the  basis  for  calculat- 
ing what  may  be  called  the  atomic  volume  of  the  atoms  when  in 
combination. 

Since  the  addition  of  CHt  to  a  compound  increases  the  molecu- 
lar volume  by  22,  this  number  may  be  taken  to  represent  the 
atomic  volume  of  CH^.  Moreover,  since  C  may  take  the  place 
of  Ht  without  altering  the  molecular  volume  of  the  compound,  it 
follows  that  the  atomic  volume  of  C  must  be  equal  to  that  of  H^, 

22 

and  therefore  the  atomic  volume  of  £7  =  —  =  11 :  so  also  that  of 

2 

H^  is  equal  to  11,  or  that  of  J?  to  5.5.  Further,  as  the  substitution 
of  0  for  J?9  produces  a  slight  increase  in  the  molecular  volume 
of  a  compound,  the  atomic  volume  of  0  must  be  rather  greater 
than  11 ;  and  it  is  found  that,  by  assuming  the  atomic  volume 
of  0  under  these  circumstances  to  be  equal  to  12.2,  results  are 
obtained  agreeing  very  nearly  with  those  of  observation*  Such, 
for  example,  is  the  condition  of  oxygen  in  the  radical  acetyl 
CJSfi,  which  may  be  regarded  as  derived  from  CJS^  by  a  sub- 
stitution of  this  kind.  But  when  the  oxygen  atom  occupies  the 
position  it  has  in  water,  BrO-H,  its  atomic  volume  is  smaller. 
The  specific  gravity  of  water  at  the  boiling-point  is  0.9579.  Hence 

18 

its  molecular  volume  at  that  temperature  is =  18.8  :  and  if 

*^  0.9579 

the  two  atoms  of  hydrogen  have  a  volume  of  11,  the  space  left 
for  the  oxygen  atom  is  7.8.    Whence  we  deduce,  — 

Atomic  volume  of  (7,  11.0 

"  "         JSr,  6.5 

"  "  O  (within  the  radical),    12.2 

"  «  0  (without  the  radical),   7.8 
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And  by  means  of  these  values  we  can  calculate  the  molecular 
volumes  of  a  very  large  number  of  oiganic  compounds,  thus :  — 

Aldehyde,  ((7^0)-jy  Alcohol,  QZT^-O-jy  Acetic  Acid,  Cti5r,  0-0- J? 

Ot     22.0  Q    22.0  C^    22.0 

H^    22.0  JS;    33.0  H^   22.0 

0     12.2  0      7.8  0     12.2 

0    __7^ 

56.2  62.8  64.0 


Observed,  56.4  at  21^    Observed,  61.6  at  78^    Observed,  63.6  at  11 8^ 

In  a  similar  way,  the  atomic  volumes  of  several  other  elements 
(when  in  combination)  have  been  determined.   Thus  we  have,  — 

Atomic  volume  of  S  (within  the  radical),  28.6 

S  (without  the  radical),  22.6 

CI,  22.8 

Br,  27.8 

/,  37.5 
N (in  compounds  of  the  ammonia  type),    2.3 

CN,  28.0 

NO^,  33.0 


a  a 

u  it 

u  u 

«  t* 

a  a 

a  it 

it  a 


And,  as  before,  the  molecular  volumes  calculated  veith  these  data 
agree  very  well  with  observation.  The  following  are  a  few 
examples: — 

Oil  of  Mustard,  C^H.-NOS  Ethylic  Nitrate,  C^HfO-NO^ 

C^ff^  =  33  +  27.5  =  60.5  C^B^  =  22  +  27.5  =  49.5 

ON  28.0  O  7.8 

S  ^2^  -yO,  J3^ 

111.1  90.3 

Observed  at  148^     113.7  Observed  at  86^         90.1 

Although  it  is  evident  from  the  above  examples  that  the  same 
atom  may  occupy  unequal  volumes  in  different  positions,  and 
therefore  that  the  molecular  volume  of  a  substance  depends  to  a 
certain  extent  on  the  structure  as  well  as  on  the  composition  of 
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the  molecule,  yet  it  will  also  be  seen  that  isomeric  compounds 
must)  in  most  cases,  have  the  same  molecular  volume ;  as,  for 
example,  acetic  add  and  methyUc  formate,  common  ether  and 
butylic  alcohol 

The  most  general  relation  that  has  been  observed  between  the 
molecular  volumes  of  solid  compounds  is  that  isomorphous  com- 
pounds (§  31)  have  equal  molecular  volumes,  which  results,  of 
comrse,  when  the  densities  are  proportional  to  the  molecular 
weight.  The  class  of  salts  called  vitriols  furnishes  a  striking 
illustration  of  this  principle. 

STmboIi.  Molae.  Weight.  Sp.  Or.  Motoe.  VoL 

MgSO^.lH^O  246.0  1.685  146.0 

ZnSO^.  7  H^O  287.0  1.953  147.0 

NiS0,.7B^0  281.0  1.931  145.5 

CoSO^.IH^O  281.0  1.924  146.0 

FeSO^.IH^O  278.0  1.884  147.5 

To  a  limited  extent  a  connection  has  been  established  between 
the  molecular  volume  of  solids  and  the  elementary  substances 
of  which  they  are  composed,  similar  to  that  which  liquids  exliibit 
when  compared  as  above  described ;  but  although  certain  limited 
relations  have  been  shown  to  exists  the  subject  has  not  as  yet 
been  sufficiently  generalized  to  enable  us  to  present  the  results 
without  greater  amplification  than  the  limit  of  an  elementary 
text-book  allows,  and  we  would  refer  the  student  for  details  to 
the  article  on  Atomic  Volume  in  Watts's  Dictionary  of  Chemistry, 
to  which  we  are  indebted  for  the  material  of  this  section. 


QUESTIONS  AND  PBOBLEMS. 

1.  What  are  the  molecular  weights  of  alcohol  and  camphor,  as  de- 
duced from  the  results  of  the  Sp.  ®t.  determinations  given  on  page 
31,  and  how  do  these  values  agree  with  the  received  molecular  weights 
of  these  substances  % 

Ana.  45.5  and  155,  which,  although  not  closely  agreeing  with  the 
theoretical  numbers,  enables  us  to  decide  that  the  symbols  of 
these  compounds  are  C^^O  and  O^^H^^O,  as  the  simplest  in- 
terpretation of  the  analyses  would  indicate. 

10 
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2.  Calculate  the  molecular  weights  of  the  subetaneeB  whose  vapor 
densities  have  been  determined  in  the  problems  19  to  30,  pages  33  to  37. 
Compare  these  results  with  the  received  values  of  the  molecular  weights, 
and  answer  the  following  questions :  — 

a.  How,  in  general,  were  the  accepted  values  found  1 

6.  How  far  does  the  vapor  density  serve  to  fix  the  value  f 

c.  On  what  does  the  difference  between  the  values  deduced  firom  the 
observed  vapor  densities  and  the  accepted  values  depend  1 

3.  A  study  of  the  different  tartrates  has  led  to  the  conclusion  already 
expressed,  that  tartaric  acid,  although  tetratomic,  is  dibasic.  It  also 
appears  that  100  parts  of  neutral  argentic  tartrate  yield,  when  ignited, 
55.39  parts  of  metallic  silver.  Eequired  the  molecular  weight  of  tar- 
taric acid.  Ans.  176. 

4.  A  hundred  parts  of  baric  oxide,  BaO  (whose  composition  is 
assumed  to  be  known),  yield  when  treated  with  sulphuric  acid  152.3 
parts  of  baric  sulphate.  Further  it  is  assumed,  as  the  result  of 
careful  study,  that  sulphuric  acid  is  dibasic,  and  the  metal  barium 
a  bivalent  radical     Eequired  the  molecular  weight  of  sulphuric  acid. 

Ans.  98. 

5.  The  well-known  base  aniline  gives  with  platinic  chloride  a  definite 
crystalline  product,  100  parts  of  which  yield  on  ignition  32.70  parts 
of  platinum.  Eequired  the  molecular  weight  of  aniline.  How  does 
this  result  agree  with  the  0p.  ®r.  of  aniline, vapor,  which  has  been 
found  by  observation  to  be  3.210 1 

Ans.  93 ;  which  corresponds  to  Qp,  (B(r.  of  3.223. 

6.  The  base  trietbylamine  gives  in  like  manner  a  platinum  salt,  100 
parts  of  which  yield  on  ignition  32.84  parts  of  platinum.  Eequired 
the  molecular  weight.  Ans.  101. 

7.  What  is  the  sum  of  the  atomicities  of  the  atoms  of  the  mole- 
cules and  radicals  represented  by  the  symbols  given  in  the  problems 
20  and  21,  on  page  121) 

8.  Compare  together  the  symbols  of  the  compounds  of  the  various 
alcohol  radicals  on  pages  114  to  116,  and  point  out  the  examples  of 
isomerism. 
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9.  Calculate  the  molecular  volumes  of  the  following  compounds,  from 
the  specific  gravities  given :  — 

Sp.  Or.  MolM.  Vol. 

Ferrous  Chloride,  2.528  50.2 

Calcic  Chloride,  2.205  50.4 

Nickelous  Chloride,  2.560  50.6 

Mercuric  Chloride,  5.320  51.0 

Argentic  Chloride,  5.517  26.0 

10.  Calculate  the  molecular  volumes  of  the  following  native  carbon- 
ates:— 

8p.  Or. 

Calcite,  CaCO^  2.72 

Dolomite,  {k^-h  ^9)  00^  2.85 

Magnesite,  JfyCO,  3.08 

Smithsonite,  ZnCOs  ^-^^ 

Ehodochrosite,  MnCO^  3.59 

Siderite,  FtCO^  3.80 

11.  Calculate  the  molecular  volumes  of  the  following  liquids  at 
the  boiling-point,  irom  the  atomic  volumes  of  their  elements :  — 

Benzol,                         G^^  99.0  97.9  at    80** 

Methylic  Oxalate,        (CH^)t'0^'O^0^  117.0  116.3  at  162^ 

Mercaptan,                   C^H^S-H  77.6  76.0  at    36 

Chloroform,                  CHCl^  84.9  84.8  at    62 

Bromide  of  Ethylene,   C^fir^  99.6  99.9  at  130 


12.  Calculate  and  compare  the  molecular  volumes  of  the  following 
liquids  at  the  boiling-point :  — 

Ether,  O^H^^O  Butylamine,  C^H^^N 

Butylic  Alcohol,  C^H^^O  Aniline,  O^hIn 

Phenol,  OJS^O 


CHAPTEE  XII. 


SOLUTION  AND    DIFFUSION. 


67.  SolQtioii.  —  The  solvent  power  of  water  is  one  of  the  most, 
familiar  facts  of  common  experience,  and  all  liquids  possess  the 
same  power  to  a  greater  or  less  degree;  but  they  differ  very 
widely  from  each  other  in  the  manifestation  of  their  solvent 
power,  which  for  each  liquid  is  usually  limited  to  a  certain  class 
of  solids.  Thus  mercury  is  the  appropriate  solvent  of  metals, 
alcohol  of  resins,  ether  of  fats,  and  water  of  salts.  Water  is  by 
far  the  most  universal  solvent  known,  and  for  this  reason,  as  well 
as  on  account  of  its  very  wide  diffusion  in  nature,  it  becomes 
the  medium  of  most  chemical  changes.  The  phenomena  of 
aqueous  solution  form,  therefore,  a  very  important  subject  of 
chemical  inquiry,  and  these  alone  will  be  considered  in  this 
connection. 

The  solvent  power  of  water  differs  very  greatly.  Some  solids, 
like  potassic  carbonate  or  calcic  chloride,  liquefy  in  the  atmos- 
phere by  absorbing  the  moisture  it  contains.  Such  salts  are  said 
to  deliquesce,  and  dissolve  in  a  very  small  proportion  of  water. 
Other  salts,  like  calcic  sulphate,  require  for  solution  several 
hundred  times  their  weight  of  water,  and  others  again,  like  baric 
sulphate,  are  practically  insoluble. 

As  a  general  rule  the  solvent  power  of  water  increases  with 
the  temperature ;  but  here,  again,  we  observe  the  greatest  differ- 
ences between  different  substances.  While  the  solubility  of  some 
salts  increases  very  rapidly  with  the  temperature,  that  of  others 
increases  not  at  all,  or  only  very  slightly ;  and  there  are  a  few 
which  are  actually  more  soluble  in  cold  water  than  in  hot.  The 
solubility  of  each  substance  is  absolutely  definite  for  a  given 
temperature,  and  we  can  determine  by  experiment  the  exact 
amount  which  100  parts  of  water  will  in  any  case  dissolve. 
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The  results  of  such  experiments  are  beat  represented  to  the  eye 
by  meftiis  of  a  curve  drawu,  as  in  the  accompaDying  figure,  on 
the  priociples  of  analytical  geometry. 


The  figures  on  the  horizontal  line  indicate  d^rees  of  tempera- 
ture, and  those  on  the  vertical  line  parts  of  salt  soluble  in  100 
parte  of  water.  To  find  the  solubility  of  any  salt  for  a  stated 
temperature,  the  curve  being  given,  we  have  only  to  follow  up 
the  vertical  line  corresponding  to  the  temperature  until  it  reaches 
the  curve,  and  then,  at  the  end  of  the  horizontal  line  which  in- 
tersects the  curve  at  the  same  point,  we  find  the  number  of  parts 
required.  These  curves  also  show  in  each  case  the  law  which 
the  change  of  solubility  obeys. 

When  a  liquid  has  dissolved  all  of  a  solid  that  it  can  take 
up  at  the  temperature,  it  is  said  to  be  saturated  ;  but  when  satu- 
rated with  one  solid,  the  liquid  wiU  still  exert  a  solvent  power 
over  others ;  indeed,  in  some  cases  the  solvent  power  is  thereby 
increased.  When  several  salts  are  dissolved  together  in  water,  a 
definite  amount  of  metathesis  seems  always  to  take  place,  and 
the  different  positive  radicals  are  divided  between  the  several 
acids  in  proportions  which  depend  on  the  relative  strength  of 
their  affinities,  and  on  the  quantities  of  each  present     If  in  this 
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way  either  an  insoluble  or  a  volatile  product  is  formed,  the  solid 
or  the  gas  at  once  falls  out  of  the  solution,  and,  the  equilibrium 
being  thus  destroyed,  a  new  metathesis  takes  place,  and  this  goes 
on  so  long  as  any  of  these  products  can  be  formed.  Here,  then, 
we  find  a  simple  explanation  of  the  two  important  laws  already 
stated  on  page  5$. 

58.  Solution  of  OkiMfl.  —  Most  liqidds,  but  especially  water 
and  alcohol,  exert  on  gases  a  greater  or  less  solvent  power,  which 
is  marked  by  differences  of  manifestation  similar  to  those  we 
have  already  studied  in  the  case  of  solids,  although  the  peculiar 
physical  conditions  of  the  gas  somewhat  modify  the  result. 
Under  the  same  conditions,  the  quantity  *  of  gas  dissolved  is 
always  the  same ;  but  it  varies  with  the  pressure  of  the  gas  on 
the  surface  of  the  liquid,  with  the  temperature,  and  with  the 
peculiar  nature  of  the  gas  and  the  absorbing  liquid.  The  quan- 
tity of  gas  dissolved  by  one  cubic  centimetre  of  a  liquid  on 
which  it  exerts  a  pressure  of  76  c.  m.  is  called  the  coefficient  of 
absorption.  This  coefficient,  in  almost  every  instance,  dimin- 
ishes with  the  temperature ;  but,  as  in  the  case  of  solids,  each 
substance  obeys  a  law  of  its  own,  which  must  be  determined 
by  experiment  The  observed  values  for  several  of  the  best 
known  gases,  when  absorbed  by  water  and  alcohol,  are  given  in 
Chemical  Physics,  Table  VII.  With  these  data  we  can  easily 
calculate  the  quantity  of  any  of  these  gases  which  a  given  vol- 
ume of  water  or  alcohol  will  absorb,  assuming  that  the  gas  exerts 
on  the  liquid  a  pressure  of  76  c.  m.  Moreover,  since  tfie  quantity 
of  a  gas  absorbed  by  a  liquid  varies  directly  as  the  pressure  which 
the  gas  exerts  upon  it,  we  can  easily  calculate  from  the  first  result 
the  quantity  absorbed  at  any  given  pressure.  Again,  it  is  a 
direct  consequence  of  the  last  principle,  that  at  a  fixed  tempera- 
ture a  given  mass  of  liquid  will  dissolve  the  same  volume  of  gas, 
whatever  may  be  the  pressure.  Lastly,  if  a  mass  of  liquid  is 
exposed  to  an  atmosphere  of  mixed  gases,  it  will  absorb  of  each 
the  same  quaQtity  as  if  this  gas  were  alone  present,  and  exert- 
ing on  the  liquid  the  same  pressure  which  falls  to  its  share 

*  By  quantity  of  gas  is  here  meant  the  Tolume  in  cabic  centimetres  measored 
under  the  standard  conditions  of  temperatoie  and  pressure. 
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in  the  atmosphere.  The  amount  dissolved  of  each  gas  is  easily 
calculated  when  the  partial  pressure  and  the  coefficient  of  ab- 
sorption are  known.  It  is  thus  that  water  absorbs  the  oxygen 
and  nitrogen  gases  of  our  terrestrial  atmosphere ;  and  the  fact 
that  these  two  gases  are  found  dissolved  in  the  ocean  in  very 
difierent  proportions  from  those  present  in  the  atmosphere,  is  a 
conclusive  proof  that  the  air  is  a  mixture,  and  not,  as  was  for- 
merly supposed,  a  chemical  compound. 

59.  Solution  and  Chemical  Change.  —  Tliere  seems  at  first 
sight  to  be  a  wide  difference  between  solution  and  chemical 
change ;  for  while  in  the  first  the  solid  body  becomes  diffused 
through  the  liquid  menstruum  without  losing  its  chemical  iden- 
tity or  destroying  that  of  the  liquid,  there  is  in  the  second  a 
complete  identification  of  the  combining  substances  in  the  re- 
sulting compound. 

The  same  wide  difference  appears  also  between  mechanical 
and  chemical  solution,  which  are  sometimes  confounded  by 
students,  because,  unfortunately,  the  same  term  has  been  ap- 
plied to  both.  When  a  salt  dissolves  in  water,  the  differences 
between  salt  and  solvent  are  preserved;  but  when  chalk  is 
dissolved  in  hydrochloric  acid,  or  copper  in  nitric  acid,  there  is 
a  complete  merging  of  their  distinctive  qualities  in  the  result- 
ing compound ;  and  the  only  ground  for  calling  such  chemical 
changes  solution  is  the  fact  that  the  solution  of  the  resulting 
salt  in  the  water,  used  as  the  medium  of  the  chemical  change,  is 
frequently  an  essential  condition  of  the  process. 

But  if,  instead  of  comparing  extreme  cases,  we  study  the 
whole  range  of  chemical  phenomena,  we  shall  find  that  the  dis- 
tinction is  by  no  means  so  clearly  marked.  In  many  cases  what 
seems  to  be  a  simple  solution  can  be  shown  to  be  a  mixed  effect 
at  least  of  solution  and  chemical  combination ;  and  between  this* 
condition  of  things,  where  the  evidence  of  chemical  combination 
is  unmistakable,  and  a  simple  solution,  like  that  of  sugar  in 
water,  we  have  every  degree  of  gradation.  To  such  an  extent 
is  this  true,  that  the  facts  seem  to  justify  the  opinion  that  solu- 
tion is  in  every  case  a  chemical  combination  of  the  substances 
dissolved  with  the  solvent,  and  that  it  differs  from  other  exam- 


152  UQOID  DIFFUSION.  [J  60. 

pies  of  chemical  change  only  in  the  Treakness  of  the  combining 
force. 

The  metallic  alloys  afford  another  stritdng  illostration  of  the 
aame  principle.  When  molten,  they  may  be  regarded  as  solu- 
tions of  one  or  more  metals  in  another,  hut  in  some  cases 
chemical  afBnity  appears  to  come  into  play,  and  on  solidifying 
they  often  tend  to  fonn  deflnite  chemical  compounds,  and  to 
assume  a  definite  crystalline  form. 

60.  Uqnid  Diffiisioii.  —  Closely  connected  with  the  phenomena 
of  solution  are  those  of  liquid  diflusion.  These  phenomena  may 
be  studied  in  their  simplest  form,  by  placing  an  open  vial  filled 
with  a  solution  of  some  salt  in  a  much  larger  jar  of  pure  water, 
as  shown  in  Fig.  3,  and  so  carefully  arranging  the  details  of  the 
experiment  that  the  surfaces  of  the  two  liquids  may  be  brought 
in  contact  without  mixing  them  mechanically.  It  will  then  be 
found  that  the  salt  molecules  will  slowly  escape  from  the  vial 

and  spread  throughout  the  whole  volume 
of  the  water.    The  rate  of  the  diffusion 
increases  with  the  temperature  equally  for 
aU  substances,  and  the  whole  phenomenon 
is  probably  caused  by  that  same  molecular 
motion  to  which  we  refer  the   effects  of 
heat.     At  best,  however,  the  diffusion  is 
very  slow,  as  we  should  expect,  consitlering 
the  limited  freedom  of  motion  which  the 
liquid  molecules  possess.    It  is  found,  also, 
that  the  rate  of  diffusion  differs  very  greatly 
for  the  different  soluble  salts ;  but  these  may  be  divided  into 
groups  of  equidiffusive  substances,  and  the  rates  of  diffusion  ot 
the  several  groups  bear  to  each  other  simple  numerical  ratios. 
If  a  mixture  of  salts  be  placed  in  the  vial,  it  is  found  that  the 
presence  of  one  salt  affects  to  some  degree  the  diffusion  of  the 
other ;  but  if  the  difference  of  rate  Is  considerable,  a  partial  sep- 
aration may  be  effected,  and  even  weak  chemical  compounds 
may  be  thus  decomposed. 

61.  CryBtaiioida  and  CoUoUl*.  — There  13  a  very  great  differ- 
ence of  diffusive  power  between  the  ordinary  crystalline  salts 
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(inclading  most  of  the  common  acids  and  bases)  and  sueh  sub- 
stances as  gum,  caramel,  gelatine,  and  albumen,  which  are  in- 
capable of  crystallizing,  and  which  give  insipid  viscid  solutions, 
readily  forming  into  jelly ;  hence  the  name  colloids,  from  koWi], 
glue.  The  last  class  is  distinguished  by  a  remarkable  sluggish- 
ness and  indisposition  to  diffusion ;  as  is  illustrated  by  the  fact 
that  sugar,  one  of  the  least  diffusible  of  the  crystalloids,  diffuses 
seven  times  more  rapidly  than  albumen,  and  fourteen  times  more 
rapidly  than  caramel.  Our  theories  would  lead  us  to  believe 
that  this  great  difference  of  diffusive  power  is  caused  by  the  fact 
that  the  molecules  of  colloids  are  far  more  complex  atomic  aggre- 
gates than  those  of  crystalloids,  and  therefore  are  heavier  and 
move  more  slowly.  Moreover,  the  diffusive  power  is  only  one 
of  many  characters  which  point  to  a  great  molecular  difference 
between  these  two  classes  of  substances. 

62.  DialysiB.  —  The  difference  of  diffusive  power  between  the 
two  classes  of  compounds  distinguished  in  the  last  section  is  still 
further  increased  when  the  aqueous  solution  is  separated  from 
the  pure  water  by  some  colloidal  membrane ;  and  upon  this  fact 
Professor  Graham  of  London,  to  whom  we  owe  our  whole  knowl- 
edge of  this  subject,  has  based  a  simple  method  of  separating 
crystalloids  from  colloids,  which  he  calls  dialysis. 

A  shallow  tray  is  prepared  by  stretching  parchment  paper 
(which  is  itself  an  insoluble  colloid)  over  one  side  of  a  gutta- 
percha hoop,  and  holding  it  in  place  by  a  somewhat  larger  hoop 
of  the  same  material  The  solution  to  be  dialyzed  is  poured  into 
this  tray,  which  is  then  floated  on  pure  water  whose  volume 
should  be  eight  or  ten  times  greater  than  that  of  the  solution. 
Under  these  conditions  the  crystalloids  will  diffuse  through  the 
porous  septum  into  the  water,  leaving  the  colloids  in  the  tray,  and 
in  the  course  of  two  or  three  days  a  more  or  less  complete  separa- 
tion of  these  two  classes  of  substances  will  have  taken  place. 

In  this  way  arsenious  acids  and  similar  crystalloids  may  be 
separated  from  the  colloidal  materials,  with  which,  in  cases  of 
poisoning,  they  are  frequently  found  mixed  in  the  stomach ;  and 
by  an  application  of  the  same  method  alumina,  ferric  oxide, 
chromic  oxide,  stannic,  metastannic,  titanic,  molybdic,  tungstic, 
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and  silicic  acids  have  all  been  obtained  dissolved  in  water  in  a 
colloidal  condition.  All  these  substances  usually  exist  in  a  crys- 
talline condition.  The  colloidal  condition  appears  to  be  an  abnor- 
mal state,  and  in  almost  aU  such  substances  there  is  a  tendency 
towards  the  crystalloid  form. 

63.  Diffiiaion  of  Gases*  —  Gases  diffuse  much  more  rapidly 
than  liquids,  as  we  should  naturally  expect  from  the  greater 
freedom  of  motion  which  their  molecules  possess.  Moreover,  if 
the  theory  of  the  molecular  condition  of  gases  is  correct,  we  ought 
to  be  able  to  calculate  the  relative  rates  of  diffusion  of  different 
gases  from  their  respective  molecular  weights.  If  it  is  true,  as 
stated  on  page  17,  that  at  any  given  temperature 

then  it  follows  that 

Vir  =  sJ\fnf:yl\m:=  V^Sp.  Gr.' :  v'Sp.  Gr. 

Hence,  if  two  masses  of  gas  are  in  contact,  the  molecules  of 
either  gas  must  move  into  the  space  filled  by  the  other  with 
velocities  which  are  inversely  proportional  to  the  square  roots 
of  the  respective  specific  gravities.  If  one  gas  is  hydrogen  (Sp. 
Gr.  =  1),  and  the  other  oxygen  (Sp.  Gr.  =  16),  the  molecules  of 
hydrogen  must  move  past  the  section  separating  the  two  masses 
four  times  as  rapidly  as  those  of  oxygen;  and  since  all  gas 
molecules  occupy  the  same  volume,  it  follows,  further,  that  four 
volumes  of  hydrogen  must  enter  the  space  filled  by  the  oxygen, 
while  one  volume  of  oxygen  is  passing  in  the  opposite  direction. 
Numerous  experiments  have  fully  confirmed  this  theoretical  de- 
duction, and  the  close  agreement  between  theory  and  experiment 
furnishes  important  evidence  in  favor  of  the  theory  itself.  Such 
experiments  can  be  made,  moreover,  with  great  accuracy,  since 
the  molecular  motion  is  not  arrested  by  various  porous  septa, 
which  may  be  used  to  separate  the  two  masses  of  gas,  and  which 
entirely  prevent  the  passage  of  gas  currents  that  might  otherwise 
vitiate  the  resulta 
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BELATIONS  OF  THE  ATOMS  TO  HEAT. 

64.  The  Atmosphere.  —  The  earth  is  surrounded  by  an  ocean 
of  aeriform  matter  called  the  atmosphere,  and  many  of  the  most 
important  chemical  changes  which  we  witness  in  nature  are 
caused  by  the  reaction  of  this  atmosphere  on  the  substances 
which  it  surrounds  and  bathes.  The  great  mass  of  the  atmos- 
phere consists  of  the  two  elementary  gases,  oxygen  and  nitrogen, 
mixed  together  in  the  proportions  indicated  in  the  following 
table:  — 

Air  eoateins  Bj  Volmne.  Bj  Weight. 

Oxygen,  20.96  23.185 

Nitrogen,  79.04  76.815 

100.00  100.000 

That  the  air  is  a  mixjkure,  and  not  a  chemical  compound,  is 
proved  by  the  action  of  solvents  upon  it  (§  58) ;  but,  neverthe- 
less, the  analyses  of  air  collected  in  different  countries  and  at 
diiferent  heights  in  the  atmosphere  show  a  remarkable  con- 
stancy in  its  composition.  Besides  these  two  gases,  which  make 
up  over  93  per  cent  of  its  whole  mass,  the  air  always  contains 
variable  quantities  of  aqueous  vapor,  carbonic  dioxide,  and  am- 
monia, and  sometimes  also  traces  of  various  other  gases  and 
vapors. 

65.  Burning.  —  Of  the  two  chief  constituents  of  the  atmos- 
phere, nitrogen  gas  is  a  very  inert  substance,  and  serves  chiefly 
to  restrain  its  more  energetic  associate.  Oxygen  gas,  on  the 
other  hand,  is  endowed  with  highly  active  affinities,  and  tends 
to  enter  into  combination  with  other  elementary  substances,  and 
with  many  compounds  which  are  not  already  saturated  with 
this  all-pervading  element    Many  of  these  substances,  such  as 
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phosphorus,  sulphur,  petroleum,  coal,  and  wood,  have  such  a 
strong  affinity  for  oxygen,  that  under  certain  conditions  they 
will  absorb  it  from  the  atmosphere,  and  combine  with  it  under 
the  evolution  of  heat  and  light.  These  substances  are  said  to 
be  combustible,  and  the  process  of  combination  is  called  com- 
bustion. Moreover,  all  burning  with  which  we  are  familiar  in 
common  life  consists  in  the  union  of  the  burning  body  with  the 
oxygen  of  the  air.  The  chemical  process  in  these  cases  may  be 
expressed,  like  any  other  chemical  reaction,  in  the  form  of  an 
equation. 

Burning  of  Hydrogtn  Gas. 

Hydrogen  Om.  Aqneona  Vapor. 

2  Sim  +  (fiXD  =  2  ISjCST  [50] 

Burning  of  Carbon  {Charcoal). 

Carbon.  Carbonic  Anhydiida. 

C  +  ®<§)  =  O®,  [61] 

Burning  of  Benzol. 

B«nzol.  _  ^      _ 

2(ggiaa  +  15®=®  =  12®®,  +  6IIIa®  [52] 

Burning  of  Alcohol. 

AleohoL 

OaSt,®  +  3®=®  =  2(g®, +  331,®  [53] 

Burning  of  Sulphur. 

Snlphnrons  Anhydrid*. 

2S  4-  2®=®  =  2S®a  [54] 

Burning  of  Phosphorus.  • 

Phoaphorie  Anhydride. 

P, +  5®^  =  2P,0,  [55] 

Burning  of  Magnesium. 

Magnedc  Oxide.  ^ 

2  Mg  +  ®=®  =  2  MgO  [56] 

The  four  substances,  hydrogen  gas,  charcoal,  benzol,  and  alco- 
hol, may  be  regarded  as  types  of  our  ordinary  combustibles ;  and, 
as  the  first  four  reactions  show,  the  products  of  their  combustion 
are  all  aeriform.  Moreover,  these  products  are  wholly  devoid 
of  any  sensible  qualities,  and  hence  the  apparent  annihilation  of 
the  burning  substance,  and  the  reason  that  for  so  long  a  period 
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the  nature  of  the  process  remained  undiscovered.  That  these 
qualities  of  the  products  of  ordinary  combustion  are  not  necessary 
conditions  of  the  process,  but  remarkable  adaptations  in  the 
properties  of  those  combustibles  which  are  our  artificial  sources 
of  light  and  heat,  is  shown  by  the  fact,  that  in  the  last  two  re- 
actions the  products  of  the  combustion  are  solids,  while  in  [54] 
the  product  is  a  noxious  suffocating  gas. 

A  careful  inspection  of  the  reactions  will  also  teach  the  stu- 
dent several  other  important  facts  in  regard  to  the  processes  here 
represented.  It  will  be  seen  that  in  the  burning  of  hydrogen 
gas  two  volumes  of  hydrogen  gas  and  one  volume  of  oxygen  gas 
combine  to  form  two  volumes  of  aqueous  vapor.  It  will  further 
be  noticed  that  in  the  burning  of  carbon  and  of  sulphur  a  given 
volume  of  oxygen  gas  yields  in  each  case  its  own  volume  of  the 
aeriform  product.  The  carbon  in  the  one  case,  and  the  sulphur 
in  the  other,  are  absorbed,  as  it  were,  by  the  gas,  without  any  in- 
crease of  v^ume.  Further,  if  the  experiments  are  made,  which 
these  reactions  represent,  it  will  appear  that,  in  all  those  cases 
where  the  combustible  is  represented  as  a  gas,  the  combustion  is 
accompanied  by  flame,  while  in  the  case  of  carbon,  which  is  a 
fixed  solid,  there  is  no  proper  flame.  Hence  we  learn  that  flame 
is  burning  gas,  and  that  only  those  substances  burn  with  flame 
which  are  either  gases  themselves,  or  which,  at  a  high  tempera- 
ture, become  volatilized,  or  generate  combustible  vapors.  Still 
other  important  facts  connected  with  the  process  of  combustion 
will  be  learned  by  solving  the  following  problems,  according  to 
the  rules  already  given  (§§  25  and  26). 

PROBLEMS. 

1.  How  many  cubic  centimetres  of  hydrogen  gas,  and  how  many  of 
oxygen  gas,  are  required  to  form  one  cubic  centimetre  of  liquid  water?  * 

Ans.  1,240  c.  m.*  of  hydrogen  gas,  and  620  c.  m.*  of  oxygen  gas. 

2.  How  many  cubic  metres  of  air  are  required  to  bum  448  kilo- 
grammes of  coal,  assuming  that  the  coal  is  pure  carbon  ? 

Ans.  833.333  m.' of  oxygen  gas,  or  3,975.83  m.' of  atmospheric  air. 

*  Here,  as  in  all  other  problems  thronghont  the  book,  it  is  understood,  unless 
otherwise  expressly  stated,  that  the  measurements  and  weights  are  all  taken  at  th« 
standard  temperature  and  pressure.    (Compare  §{  11  and  14.) 
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3.  How  many  cubic  metres  of  carbonic  dioxide  are  formed  by  the 
burning  of  1,000  kilogrammes  of  coal,  assuming,  as  before,  that  the 
coal  is  pure  carbon  1  Ans.  1,860  m.* 

4.  How  many  litres  of  carbonic  dioxide,  and  how  many  of  aqueous 
vapor,  would  be  formed  by  burning  one  litre  of  benzol  vapor) 

Ans.  Simple  inspection  of  the  equation  shows  that  6  litres  of  the 
first  and  3  litres  of  the  second  would  be  formed. 

5.  How  many  litres  of  carbonic  dioxide,  and  how  many  of  aque- 
ous vapor,  would  be  formed  by  burning  one  litre  of  liquid  alcohol 
(C4^eO)1    >§).  (7r.  of  liquid  at  0°  =  0.815. 

Ans.  One  litre  of  alcohol  weighs  815  grammes,  or  9,097  criths;  and 
since  the  Sp.  Gr.  of  alcohol  vapor  is  23,  this  quantity  of 
liquid  would  yield  395.6  litres  of  vapor.  Hence  there  would 
be  formed  2  X  395.6  =  791.2  litres  of  carbonic  dioxide,  and 
3  X  395.6  =  1,186.8  litres  of  aqueous  vapor. 

66.  Heat  of  Combustion.  —  The  reactions  of  the  last  section 
represent  only  the  chemical  changes  in  the  processesl%)f  burning. 
The  physical  effects  which  accompany  the  chemical  changes  our 
equations  do  not  indicate,  but  it  is  these  remarkable  manifesta- 
tions of  power  which  chiefly  arrest  the  student's  attention,  and 
on  this  power  the  importance  of  the  processes  of  combustion  as 
sources  of  heat  and  light  wholly  depends. 

The  immediate  cause  of  the  power  developed  in  the  process 
of  combustion  is  to  be  found  in  the  clashing  of  material  atoms. 
Urged  by  that  immensely  powerful  attractive  force  we  call 
chemical  affinity,  the  molecules  of  oxygen  in  the  immediately 
surrounding  atmosphere  rush,  from  aU  directions  and  with  a 
very  great  velocity,  upon  the  burning  body.  The  molecules 
of  oxygen  thus  acquire  an  enormous  moving  power ;  and  when, 
at  the  moment  of  chemical  union,  the  onward  motion  is  ar- 
rested, this  moving  power  is  distributed  among  the  surrounding 
molecules,  and  is  manifested  in  the  phenomena  of  heat  and 
light.*     (Compare  §13.) 

*  According  to  our  best  knowledge,  the  phenomena  of  light  are  merely  another 
manifestation  of  the  same  molecular  motion  which  causes  the  phenomena  of  heat. 
When  we  speak  of  the  amount  of  heat  produced,  we  refer  always  to  the  total 
amount  of  molecular  motion;  although,  eren  in  the  most  brilliant  illumination. 
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The  quantity  of  heat  evolved  during  combustion  varies  very 
greatly  with  the  nature  of  the  combustible  employed,  but  it  is 
always  constant  for  the  same  combustible  if  burnt  under  the 
same  conditions,  and  is  exactly  proportional  to  the  weight  of 
combustible  consumed.  We  give  in  the  following  table  the 
amount  of  heat  evolved  by  <me  kilogramme  of  several  of  the 
most  common  combustibles  when  they  are  burnt  in  oxygen 
gas  in  their  ordinary  physical  state.  The  numbers  represent 
what  is  called  the  calorific  power  of  the  combustible.  With 
the  exception  of  the  last  two,  which  are  only  approximate 
values,  necessarily  varying  with  the  diflferent  varieties  of  those 
combustibles,  the  values  are  deduced  from  the  very  accurate 
experiments  made  by  Favre  and  Silbermann. 

Calorific  Potoer  of  OombustibUs,* 


Unlti. 

Unlti. 

Hydrogen, 

34,462 

Sulphur,                        2,221 

Marsh  Gas, 

13,063 

Wood  Charcoal,             8,080 

Oleiiant  Gas, 

11,858 

Carbonic  Oxide,             2,400 

Ether, 

9,027 

Dry  Wood,        (about)  3,654 

Alcohol, 

7,184 

Bituminous  Coal,  "      7,500 

The  calorific  power  of  our  ordinary  hydrocarbon  fuels  may 
be  calculated  approximately  when  their  composition  is  known. 
Most  of  these  combustibles  contain  more  or  less  oxygen,  and  it 
is  found  that  the  amount  of  heat  developed  by  the  perfect  com- 
bustion of  the  fuel  is  equal  to  that  which  would  be  produced  by 
the  perfect  combustion  of  all  the  carbon,  and  of  so  much  of  the 
hydrogen  as  is  in  excess  of  that  required  to  form  water  with  the 
oxygen  present  The  rest  of  the  hydrogen  may  be  regarded,  so 
far  as  relates  to  the  present  problem,  as  in  combination  with  oxy- 
gen in  the  state  of  water ;  and  in  estimating  the  available  heat 

the  amoant  of  mechanical  power  manifested  as  light  appears  to  he  inoonsiderahle 
as  compared  with  that  which  takes  the  form  of  heat 

*  It  must  he  carefully  noted  that  the  values  in  this  tahle  give  in  each  case 
the  calorific  power  of  one  kilogramme  of  the  comhustihle,  and  do  not  therefore 
coincide  with  the  values  given  further  on,  which,  though  deduced  from  the  same 
experimental  data,  are  calculated  on  a  different  hasis. 
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produced,  we  must  deduct  the  amount  of  heat  required  to  convert 
not  only  this  water  into  steam,  but  also  any  hygroscopic  water 
which  may  be  present  Moreover,  if  we  use  in  our  calculation 
the  value  of  the  calorific  power  of  hydrogen  given  in  the  table  on 
page  159,  we  must  also  deduct  the  amount  of  heat  required  to  con- 
vert into  vapor  all  the  water  formed  in  the  process  of  burning, 
because,  in  the  experiments  by  which  this  value  was  obtained, 
the  aqueous  vapor  formed  was  subsequently  condensed  to  water 
and  gave  out  its  latent  heat. 

PROBLEM. 

Given  the  average  composition  of  auvdried  wood  as  in  the  table^ 
to  find  the  calozific  power. 


Carbon,  400 

Hydrogen,  48 

Oxygen,  328 

Nitrogen  and  Ash,  24 

Hygroscopic  Water,  200 

iooo 


From  the  results  of  analysis  we  easily  deduce 

Quantity  of  ^in  combination  with  0,      41 

<<         <<       available  as  fuel,  7 

Quantity  of  water  formed  by  burning  )  ^no 
48  parts  of  hydrogen,                       J 

Hygroscopic  Water,  200 

Total  quantity  of  water  evaporated,  632 

Unite  of  HflSt. 

400  grammes  of  carbon  yield 3,232 

7      ''        "     hydrogen  yield 241 

Deduct  amount  of  heat  required  to  convert  632  grammes  of 

water  into  vapor  (see  §  15) 339 

Calorific  power  of  air-dried  wood 3,134 

From  the  mechanical  equivalent  of  heat  given  on  page  18,  and 
from  the  data  of  the  above  table,  we  can  easily  calculate  the  me- 
chanical power  developed  in  ordinary  combustion ;  and  the  stu- 
dent will  be  surprised  to  find  how  great  this  power  is.  The 
burning  of  one  kilogramme  of  charcoal  produces  an  amount  of 
heat  which  is  equivalent  to  8,080  X  423  =  3,417,840  kilogramme 
metres ;  that  is,  the  moving  power  which  is  developed  by  the 
clashing  of  the  atoms  during  the  combustion  of  this  small  amount 
of  coal  is  equal  to  that  which  would  be  produced  by  the  fall  of  a 
mass  of  rock  weighing  8,080  kilogrammes  over  a  precipice  423 
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metres  high ;  and  could  this  power  be  all  utilized,  it  would  be 
adequate  to  raise  the  same  weight  to  the  same  height,  or  to  do 
anj  other  equivalent  amount  of  work  The  steam-engine  is  a 
machine  for  applying  this  very  power  to  produce  mechanical 
results ;  but,  unfortunately,  in  the  best  engines  we  do  not  utilize 
much  more  than  one  twentieth  of  the  power  of  the  fuel ;  and  to 
find  a  more  economical  means  of  converting  heat  into  mechanical 
effect  is  one  of  the  great  problems  of  the  present  aga 

67.  Caloriflo  Intensity.  —  The  calorific  intensity  of  fuel  is  to 
be  carefully  distinguished  from  its  calorific  power.  By  calorific 
power  is  meant,  as  we  have  seen,  the  total  quantity  of  heat  de- 
veloped by  the  combustion  of  a  given  amount  of  fuel  By  caUh 
rific  intensity  we  mean  the  maximum  temperature  developed  in 
the  process  of  combustion.  Provided  the  products  are  the  same, 
the  total  amount  of  heat  produced  in  any  case  is  not  influenced 
by  the  rapidity  of  the  process  ;  but  it  is  evident  that  the  tem- 
perature of  the  burning  fuel  will  depend,  other  things  being 
equal,  on  the  rapidity  with  which  the  heat  is  developed  as  com- 
pared with  the  rapidity  with  which  it  is  dissipated  through  sur- 
rounding bodies ;  and  when  the  combination  with  oxygen  is  very 
slow,  the  heat  may  be  dissipated  as  fast  as  it  is  generated,  and 
then  the  temperature  of  the  burning  body  will  not  rise  above 
that  of  the  surrounding  atmosphere,  as  is  the  case  in  many  of 
the  processes  of  slow  combustion. 

Assuming,  however,  that  all  the  heat  is  retained  by  the  pro- 
ducts of  combustion,  we  can  calcidate  the  maximum  temperature 
which  can  in  any  case  be  produced,  provided  the  calorific  power 
of  the  fuel  and  the  specific  heat  of  the  products  of  combustion 
are  known.  The  calorific  intensity  is  simply  the  temperature  to 
which  the  heat  generated  by  the  burning  of  each  portion  of  the 
fuel  can  raise  the  products  of  its  own  combustion.  Assume  that 
the  quantity  burnt  is  one  kilogramme,  that  the  calorific  power 
or  number  of  units  of  heat  produced  is  (7,  that  the  weights  of 
the  various  products  of  combustion  are  W,  W\  W'\  etc.,  and 
that  the  specific  heats  of  these  products  are  iS^,  8\  S",  etc.  Then 
WS  +  TV'S'  +  W"S'  +  etc.  represents  the  amount  of  heat  re- 
quired to  raise  the  temperature  of  the  whole  mass  of  the  products 

U 
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one  centigrade  degree  (§  17),  and  the  maximum  temperature  to 
which  these  products  can  be  raised  in  the  process  of  combustion 
must  be  ^ 

^  "^  WS  +  WIS'  +  W'S'  P^] 

PBOBLEMB. 

1.  Find  the  calorific  intensity  of  charcoal  burnt  in  pure  oxygen,  and 
also  in  air  under  constant  atmospheric  pressure. 

Solution,  By  [51]  we  easily  find  that  each  kilogramme  of  carbon 
yields,  by  burning,  3.67  kilogrammes  of  carbonic  dioxide,  which  is 
the  sole  product  of  its  combustion  when  burnt  in  pure  oxygen.  The 
specific  heat  of  carbonic  dioxide  (Chem.  Phys.  235)  is  0.2164.  The 
calorific  power  of  charcoal  is  8,080.  By  substituting  these  values  in 
[57]wegetr=10,174*'. 

When  the  charcoal  bums  in  air,  the  3.67  kilogrammes  of  carbonic 
dioxide  formed  by  the  combustion  are  mixed  with  a  large  mass  of 
inert  nitrogen,  which  must  be  regarded  as  one  of  the  products  of  the 
combustion.  The  weight  of  this  nitrogen  is  easily  calculated  from  the 
known  composition  of  air  by  weight  (§  64)  and  from  the  amount  of 
oxygen  consumed  in  the  process. 

23.2  :  76.8  =  2.67  :  a: ;  or  a?  =  2.67  X  3.31  =  8.84. 

We  have  now,  besides  the  values  given  above,  W  =  8.84  and  S\ 
the  specific  heat  of  nitrogen,  equal  to  0.244.     Whence  T'  =  2,738^ 

2.  Find  the  calorific  intensity  of  hydrogen  gas  burnt  in  oxygen  and 
burnt  in  air. 

Solution.  One  kilogramme  of  hydrogen  yields  9  kilogrammes  of 
aqueous  vapor.  The  specific  heat  of  aqueous  vapor  is  0.4805.  The 
calorific  power  of  hydrogen  is  not  so  great  when  the  gas  is  burnt  under 
ordinary  conditions  as  that  given  in  the  table  on  page  159  ;  for  in  the 
experiments  of  Favre  and  Silbermann  the  vapor  formed  by  the  com- 
bustion was  subsequently  condensed  to  water,  and  gave  out  its  latent 
heat,  while  in  a  burning  flame  of  hydrogen  no  such  condensation  takes 
place.  Hence  (7=  34,462  —  (637  X  9)  =  29,629.  We  also  have 
TT  =  9  and  5  =  0.480.     Whence  T  =  6,853^ 

When  hydrogen  is  burnt  in  air,  the  nitrogen,  mixed  with  the 
aqueous  vapor,  weighs  26.49  kilogrammes,  and  S'  is  the  same  as  in 
the  previous  problem.    Whence  T'  =  2,746®. 
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« 

It  appears  then  from  these  problems,  that,  although  the  calo- 
rific power  of  hydrogen  is  much  greater  than  that  of  carbon,  its 
calorific  intensity  is  less.  But  it  must  be  remembered  that  the 
conditions  assumed  in  these  problems  are  never  realized  in  prac- 
tice, for  the  heat  generated  by  the  combustion  is  never  whoUy 
retained  in  the  products.  The  process  of  combustion  requires  a 
certain  time,  and  during  this  time  a  portion  of  the  heat  escapes. 
Moreover,  more  air  passes  through  the  combustible  than  is  re- 
quired for  perfect  combustion,  and  many  of  the  data  which  enter 
into  the  calculation  are  uncertain.  .The  results,  therefore,  can 
only  be  regarded  as  approximate.  The  theoretical  conditions  are 
most  nearly  realized  in  a  gas  flame,  and  especially  in  that  form 
of  burner  known  as  the  Bunsen  lamp.  The  temperature  of  the 
flame  of  this  lamp,  when  carefully  regulated,  is  very  nearly  that 
which  the  theory  would  assign. 

68.  Point  of  Ignition.  —  In  order  that  a  combustible  body 
should  take  fire,  and  continue  burning  in  the  atmosphere,  it 
must  be  heated  to  a  certain  temperature,  and  maintained  at  this 
temperature.  This  temperature  is  called  the  point  of  ignition ; 
and  although  it  cannot  always  be  accurately  measured,  and  is 
undoubtedly  more  or  less  variable  under  difierent  conditions, 
yet,  nevertheless,  it  is  tolerably  constant  for  each  substance. 
For  difierent  substances  it  difiers  very  greatly.  Thus  phospho- 
rus takes  fire  below  the  boiling-poii\t  of  water,  sulphur  at  260"*, 
wood  at  a  low  red  reat,  anthracite  coal  only  at  a  full  red  heat, 
while  iron  requires  the  highest  temperature  of  a  forge.  If  a 
burning  body  is  cooled  below  its  point  of  ignition,  it  goes  out ; 
and  our  ordinary  combustibles  continue  burning  in  the  air  only 
because  the  heat  evolved  by  the  burning  maintains  the  tempera- 
ture above  the  required  point.  If  the  temperature  of  the  com- 
bustible is  not  maintained  sufficiently  high,  either  because  the 
chemical  union  is  too  slow,  or  because  the  calorific  power  is  too 
small,  then  the  combustible  will  not  continue  to  bum  in  the  air 
of  itself,  although  it  may  bum  most  readily  if  its  temperature  is 
sustained  by  artificial  means.  Hence  many  of  the  metals  which 
will  not  bum  in  the  air  burn  readily  in  the  flame  of  a  blowpipe, 
and  an  iron  watch-spring  bums  like  a  match  in  an  atmosphere  of 
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pure  oxygen.  The  calorific  intensity  of  all  combustibles  when 
burnt  in  the  atmosphere  is,  as  we  have  seen,  greatly  reduced  by 
the  presence  of  nitrogen ;  and  hence  it  is  that,  although  the 
burning  watch-spring  is  maintained  above  the  point  of  ignition 
in  pure  oxygen,  it  soon  falls  below  this  temperature,  and  goes 
out  when  ignited  in  the  air.  Thus  it  is  that  the  nitrogen  of  our 
atmosphere  exerts  a  most  important  influence  on  the  action  of 
the  fire  element ;  and  it  can  easily  be  seen  that,  were  it  not  for 
these  provisions  in  the  constitution  of  nature,  by  which  the 
active  eneigies  of  oxygen  are  kept  within  certain  limits,  no 
combustible  material  could  exist  on  the  surface  of  the  earth. 
69.  Calorifio  Power  derived  from  the  Bun.  —  The  great  mass 
of  the  crust  of  our  globe  consists  of  saturated  oxygen  compounds, 
or,  in  other  words,  of  burnt  materials ;  and  the  total  amount  of 
combustible  materials  which  exists  on  its  surface  is  comparatively 
very  small.  That  which  exists  naturally  consists  almost  entirely 
of  carbon  and  its  compounds,  such  as  coal,  naphtha,  and  wood ; 
and  all  these  substances  are  the  results  of  organic  growth,  either 
of  the  present  age  or  of  earlier  geological  epochs.  Moreover, 
whatever  subsequent  changes  the  material  may  have  undergone, 
it  was  all  originally  prepared  by  the  plant  from  the  carbonic 
dioxide  and  water  of  our  atmosphere ;  for,  in  the  economy  of 
nature,  these  products  of  combustion  have  been  made  the  food 
of  the  vegetable  world.  The  sun's  rays,  acting  on  the  green  leaves 
of  the  plant,  exert  a  mysterious  power,  which  decomposes  car- 
bonic dioxide,  and  perhaps  also  water ;  and,  as  the  result  of  this 
process,  oxygen  is  returned  to  the  atmosphere,  while  carbon  and 
hydrogen  are  stored  up  in  the  growing  tissues  of  the  plant  The 
sun  thus  undoes  the  work  of  combustion,  and  parts  the  atoms 
which  the  chemical  affinities  had  drawn  together.  In  doing  this, 
the  sun  exerts  an  enormous  power,  and  the  work  which  it  thus 
accomplishes  is  the  precise  measure  of  the  calorific  power  of  the 
combustible  material  which  it  then  prepares.  Whetf^we  wind  up 
the  weight  of  a  clock,  we  exert  a  certain  power  which  reappears  in 
its  subsequent  motions ;  and  so,  when  the  sun's  rays  have  parted 
these  atoms,  the  great  power  it  exerts  is  again  called  into  action, 
when  in  the  process  of  combustion  the  atoms  reunite.  Moreover, 
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what  is  trae  of  calorific  power  is  true  of  all  mazufestations  of 
power  on  the  surface  of  the  earth.  Every  form  of  motion  is 
sustained  by  the  running  down  of  some  weight  which  the  sun 
has  wound  up ;  and,  according  to  the  best  theory  we  can  form, 
the  sun's  power  itself  is  sustained  by  the  gradual  falling  of  the 
whole  mass  of  the  solar  system  towards  its  common  centre. 
However  varying  in  its  manifestation,  all  power  in  its  essence 
is  the  same,  and  the  total  amount  of  power  in  the  universe  is 
constant 

This  great  generalization,  which  is  now  regarded  as  a  funda- 
mental principle  of  physical  science,  is  called  the  Conservation 
of  Energy.  It  is,  without  doubt,  the  correlative  of  the  equally 
important  principle  which  we  have  already  discussed,  that  the 
weS^t  of  Itter  remains  invariable,  however  great  the  physical 
or  chemical  changes  it  undeigoes ;  and  this  last  principle,  which 
implicitly  underUes  all  chemical  reasoning,  we  have  already 
elsewhere  named  the  Conservation  of  Mas& 

TH£RMO*CHEMISTRY. 

70.  Heat  of  Chemical  Aotton.  —  The  heat  of  combustion  is 
only  a  striking  manifestation  of  a  very  general  principle,  which 
holds  true  in  all  chemical  changes.  It  would  appear  that  when- 
ever, in  a  chemical  reaction,  atoms  or  molecules  are  drawn  to- 
gether  by  their  mutual  affinities,  a  certain  amount  of  moving 
power  is  developed,  w^idh^taJkesthe^^  ;  and  when- 

ever, on  the  other  hand,  these  same  atoms  or  molecules  are  drawn 
apart  by  the  action  of  some  superiorlSrcePEK^^me  amount  of 
moving^power  is  expended,  andUeaTSisappears.  Every  chemical 
reaction  is  a  mfxed^efiect  of  such  combinations  and  decomposi- 
tions ;  and  when  the  effect  of  each  analysis  and  synthesis  is  known, 
it  is  possible  to  calculate  what  must  be,  in  any  case,  the  total 
thermal  result  During  the  last  ten  years  there  has  been  accu- 
mulated a  very  large  mass  of  experimental  data  on  which  such 
calculations  can  be  based,  and  thus  has  arisen  a  new  depart- 
ment in  the  science  of  chemistry  which  has  been  called  Thermo- 
chemistry. The  general  principles  of  this  subject  may  be  summed 
up  in  the  two  following  propositions :  — 
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First.  Whenever  a  system  of  bodies  undergoes  chemical  or 
physical  changes,  and  passes  into  another  con(lition»  whatever 
may  have  been  the  nature  or  succession  of  the  changes,  the 
quantity  of  heat  evolved  or  absorbed  depends  solely  on  the  ini- 
tial and  final  conditions  of  the  system,  provided  no  effect  has 
been  pi'oduced  on  bodies  outside. 

Second.  In  any  reaction  between  a  system  of  bodies  not  acted 
upon  by  external  agents,  the  tendency  is  towards  that  condition 
and  those  products  which  will  result  in  the  greatest  evolution 
of  heat 

In  the  inveBtigations  of  thermo-chemistry,  these  principles  present 
themselves  tmder  so  many  unexpected  and  surprising  phases,  that  it 
becomes  important  to  state  the  following  subordinate  propositions, 
although  they  are  all  direct  deductions  from  the  general  principles  just 
stated ;  and,  indeed,  these  general  principles  are  included  under  that 
still  wider  generalization,  the  conservation  of  energy. 

1.  The  heat  absorbed  in  the  decomposition  of  a  compound  is  equal 
to  the  heat  evolved  in  its  formation,  provided  the  initial  and  the  final 
states  are  the  same.  In  the  case  of  wood,  for  example,  the  products 
of  its  combustion  are  the  food  of  the  growing  plant,  and  hence,  since 
the  initial  and  final  states  are  the  same,  we  are  justified  in  the  conclu- 
sion previously  stated,  that  the  heat  absorbed  in  the  process  of  vege- 
table growth  is  equal  to  the  amount  evolved  during  the  burning  of  the 
resulting  wood. 

2.  The  heat  evolved  in  a  series  of  successive  chemical  changes  is 
equal  to  the  sum  of  the  quantities  which  would  be  evolved  in  each 
separately,  provided  the  final  conditions  are  the  same.  Hence  it  is 
that,  when  a  compound  cannot  be  formed  by  the  direct  union  of  its 
elements,  we  can  determine  the  heat  of  combination,  as  it  is  called,  by 
measuring  the  calorific  effects  in  the  several  stages  of  the  indirect  pro- 
cesses by  which  they  are  prepared. 

3.  In  any  series  of  chemical  changes,  when  the  initial  and  final  con- 
ditions are  the  same,  the  total  thermal  effect  is  the  same,  however  differ- 
ent the  processes  by  which  the  result  may  be  reached.  Hence,  when 
the  thermal  effect  of  a  given  chemical  reaction  cannot  be  directly 
measured,  we  can  often  reach  the  result  indirectly  in  the  following 
way.  We  armnge  two  systems  of  reactions,  both  of  which  begin  with 
the  same  factors  in  the  same  conditions,  and  end  with  the  same  pro- 
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ducts  in  the  same  conditions.  In  one  of  these  series  of  reactions  there 
must  be  no  process  whose  thennal  result^  if  not  ahready  known,  cannot 
be  measured  with  the  calorimeter.  In  the  other  series  the  chemical 
combination,  or  decomposition,  whose  thermal  effect  we  are  inyestigat- 
ing,  enters  as  an  unknown  term,  the  effect  of  the  other  chemical  changes 
involved  being  known  or  capable  of  measurement,  as  in  the  first  series. 
It  follows  now,  from  the  principle  we  are  discussing,  that,  if  we  sub- 
tract the  sum  of  the  quantities  measured  in  the  second  series  from  the 
sum  of  those  measured  in  the  first  series,  we  shall  have  the  value  of 
the  unknown  quantity.  An  excellent  example  of  this  method  will  be 
given  on  page  172. 

4.  The  difference  between  the  quantities  of  heat  evolved  in  two  series 
of  changes,  starting  from  two  different  states  but  ending  in  the  same 
final  state,  is  equal  to  that  evolved  or  absorbed  in  passing  from  one 
initial  condition  to  the  other ;  or,  conversely,  the  difference  between 
the  quantities  of  heat  evolved  in  two  series  of  changes,  starting  from 
the  same  initial  condition  but  ending  in  two  different  states,  is  equal 
to  that  which  would  be  evolved  or  absorbed  in  passing  from  one  of  the 
final  conditions  to  the  other.  Thus  the  heat  of  formation  of  a  com- 
pound of  hydrogen  and  carbon  can  be  ascertained  by  measuring  the 
heat  of  combustion  of  the  hydrocarbon  ;  for,  as  the  final  states  are  the 
same,  whether  we  bum  the  hydrocarbon  or  an  equivalent  amount  of 
charcoal  and  hydrogen  gas,  the  thermal  difference  between  the  hydro, 
carbon  on  the  one  hand  and  the  charcoal  and  hydrogen  gas  on  the 
other  must  be  equal  to  the  difference  between  the  heat  of  combustion 
of  the  compound  and  the  sum  of  the  similar  values  for  the  two  com- 
bustible elementary  substances,  which  have  been  accurately  measured. 
So,  also,  to  determine  the  heat  evolved  in  the  reaction 

we  have  only  to  dissolve  in  one  experiment  SO^  and  in  another  H^SO^ , 
in  a  comparatively  large  amount  of  water,  when  the  difference  in  the 
heat  evolved  in  the  two  cases  will  be  the  quantity  required. 

5.  When  a  compound  gives  up  one  of  its  elements  to  another  body, 
the  heat  evolved  in  the  reaction  is  the  difference  between  the  heat  of 
formation  of  this  compound  and  that  of  the  resulting  product.  Thus, 
in  the  familiar  processes  where  water  holding  chlorine  in  solution  is 
used  as  an  oxidizing  agent,  the  water  gives  up  its  hydrogen  to  the  chlo- 
rine, forming  hydrochloric  acid,  and  the  heat  evolved  is  the  difference 
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between  the  heat  of  fonnation  of  H^O  and  2  HCl,  *Thi8  reaction  is,  of 
course,  accompanied  by  others^  in  which  the  oxygen  liberated  does  a 
speciiic  work  and  produces  a  specific  thermal  effect,  but  of  this  no 
account  is  here  taken. 

Theorems  of  this  sort  might  be  very  greatly  multiplied,  as 
they  have  been  by  Berthelot,  in  his  work  on  thermo-chemistry ;  * 
but  the  above  will  give  the  student  a  general  idea  of  the  scope 
and  possibilities  of  the  subject 

71.  Calorimetry.  —  The  methods  of  determining  the  amount 
of  heat  evolved  during  any  chemical  or  physical  change  are  in 
theory  very  simple,  and  form  a  branch  of  experimental  science 
known  under  the  name  of  Calorimetry.  In  most  cases  the  pro- 
cess is  conducted  in  a  vessel  surrounded  with  water,  or  in  the 
water  itself,  which,  in  so  many  chemical  experiments,  is  the 
medium  of  the  chemical  change ;  and  in  either  case,  if  we  know 
the  weight  of  the  water,  and  carefully  measure  the  number  of 
degi*ees  through  which  its  temperature  is  raised,  we  can  at  once 
estimate  the  amount  of  heat  evolved.  Of  course,  the  water  itself 
must  be  held  in  some  vessel ;  and  although  this  is  made  of  pol- 
ished metal,  as  light  as  possible,  and  carefully  insulated  from  all 
external  thermal  influences,  nevertheless,  as  the  vessels  used 
necessarily  partake  of  the  temperature  of  the  water,  they  must 
absorb  a  portion  of  the  heat  evolved.  But,  knowing  the  weight 
and  specific  heat  of  the  material  of  the  vessels,  it  is  easy  to 
calculate  the  weight  of  water  which  would  be  their  thermal 
equivalent,  and  this  we  add  as  a  correction  to  the  weight  ot 
actual  water  taken.  We  thus  obtain  as  our  experimental  result 
a  certain  number  of  grammes  of  water  raised  in  tempera- 
ture a  certain  number  of  centigrade  degrees,  and  the  product 
of  the  two  gives  the  number  of  units  of  heat  evolved.  It  is 
necessary  to  measure  the  change  of  temperature  with  great 
care  to  the  twentieths,  or  even  to  the  hundredths,  of  a  centi- 
grade d^ee,  and  to  adapt  the  apparatus  to  the  various  con- 
ditions which  such  determinations  impose.  We  must  refer, 
however,  to  the  work  of  Berthelot  just  noticed  for  descriptions 

*  Essai  de  M^canique  Chimique,  par  M.  Berthelot,  Paria,  1879. 
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of  apparatus  and  methods  of  experimenting,  and  to  the  author's 
work  on  Chemical  Physics,  for  a  fuller  statement  of  the  theory 
of  calorimetiy. 

72.  Methods  of  Investtgatton.  —  The  problem  with  which  thus 
far  the  investigators  of  thermo-chemistiy  have  been  chiefly  occu- 
pied is,  starting  from  the  elementary  substances,  to  determine 
the  heat  of  combination  of  various  compounds ;  for  example, 
starting  with  solid  sulphur  and  with  oxygen  and  hydrogen 
gases,  to  determine  the  heat  evolved  in  the  production  of  sul- 
phuric acid,  R^O^.  In  this  case,  as  with  most  chemical  com- 
pounds, the  product  cannot  be  formed  by  a  direct  chemical 
combination ;  and  even  when  direct  union  is  possible,  it  is  sel- 
dom that  the  heat  of  combination  can  be  directly  measured 
with  a  calorimeter.  Indeed,  by  far  the  larger  number  of  chemi- 
cal processes  do  not  fulfil  the  conditions  which  an  accurate 
measure  of  the  accompanying  thermal  change  involves,  and  a 
vast  amount  of  chemical  knowledge  and  ingenuity  has  been 
shown  in  devising  indirect  methods  by  which  the  result  may 
be  reached. 

The  following  examples  will  illustrate  not  only  the  method,  but 
also  the  manner  in  which  the  general  principles  stated  in  the  last 
section  are  applied,  and  the  results  calculated. 

Berthelot  calculated  the  heat  of  formation  of  sulphuric  acid 
{H^O^  from  the  following  experimental  data :  — 

First.  The  amount  of  heat  developed  by  burning  a  weighed 
amount  of  sulphur,  as  determined  by  Berthelot  himself.  As 
usual  in  such  cases,  the  result  is  stated  in  terms  which  are  pro- 
portional to  the  molecular  weights  of  the  substances  involved 
in  the  reaction,  thus :  — 

(1)  S  +  ®,  =  fiS®,  evolves  69,000*. 

And  by  this  is  meant  that  32  grammes  of  sulphur  in  combining 
with  32  grammes  of  oxygen  gas  give  off  sufficient  heat  to  raise 
the  temperature  of  69,100  grammes  of  water  one  centigrade  de- 
gree, or  69,100  units  of  heat  as  defined  in  the  last  section ;  but 
it  should  be  noticed  that  these  units  are  one  thousand  times 
smaller  than  the  units  defined  in  §  13.    This  method  of  stating 
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results  enables  us  to  cany  our  calculations  through  successive 
reactions  without  constant  reductions.* 

Second.  The  amount  of  heat  developed  by  the  solution  of 
sulphurous  oxide  gas  in  water  which  had  been  determined  both 
by  Favre  and  by  Thomsen :  — 

(2)  B®,'+^,0  +  ij  =  (F,50,  +  ilg)       evolves       7,700*. 

Third.  The  amount  of  heat  developed  in  the  following  reaction, 
as  determined  by  Thomson :  — 

(3)  (H^SO^  +  ^,0  +  iij)  +  Ol,  =  {H^SO^  +  2  JK7/  +  Aq)  73,900«. 

Fourth.  The  heat  developed  by  burning  chlorine  in  dry  hy« 
drogen,  as  determined  by  Thomsen :  — 

(4)  31,  +  ®!,  =  201®!  evolves  44,000*. 

Fifth.  The  heat  developed  by  dissolving  hydrochloric  acid  gas 
in  water,  determined  by  the  same :  — 

(6)  mm  ^  Aq  ^  (HOI '\- Aq)  evolves  17,300». 

Sixth.  The  heat  developed  by  burning  hydrogen  gas  in  oxygen 
and  condensing  the  vapor  formed,  —  from  the  mean  of  the  results 
of  several  experimenters :  — 

(6)  231, +  ©,  =  2^0  evolves        138,000*. 

Seventh.  The  heat  developed  on  dissolving  sulphuric  oxide  in 
water,  determined  by  Berthelot :  — 

(7)  SO^-^  H^O'\'Aq=i{H^SO^'{'Aq)       evolves       37,400-. 

Lastly.  The  heat  developed  on  mixing  H^O^  with  a  laige 
amount  of  water,  determined  by  several  investigators  :  — 

(8)  H^O^Ji-  Aq-(H^SO^'\-  Aq)         evolves         17,000». 

If  now  we  analyze  reaction  (3),  it  wiU  appear  that  the  heat 
developed  comes  not  only  from  the  oxidation  of  the  sulphurous 
acid,  but  also  from  the  union  of  chlorine  with  hydrogen,  and, 
moreover,  that  the  total  result  is  less  than  the  sum  of  the  effects 
due  to  these  two  causes  by  the  amount  of  heat  absorbed  in  the 

*  The  student  should  compare  this  mode  of  stating  the  result  with  that  adopted 
in  the  table  of  §  66.  The  initial  letter  of  the  word  color  placed  as  above  is  the 
usual  mode  of  designating  units  of  heat,  and  gramme  units  can  be  distinguished 
from  kilogramme  units  by  the  type  as  1,000*  « 1^. 
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decomposition  of  that  molecule  of  water,  which  jrields  its  oxygen 
to  oxidize  the  sulphurous  acid  and  its  hydrogen  to  unite  with 
chlorine.  Hence  the  heat  developed  in  the  oxidation  of  sulphu- 
rous acid  is,  by  (3),  (6),  (4),  and  (5), 

{H^O^  +  ilj)  +  0  =  {H^0,\  Aq) 
73,900  +  69,000  -  (44,000  +  34,600)  =  64,S00" 
Then,  by  (2), 

0®,  +  ^,0  +  0  +  ^g  =  {ff^SO^  +  Aq) 

64,300  +  7,700  =  72,000«. 

By  (1), 

S+0^+JB,O^Aq  =  (H,SO,  +  A<d 

72,000  +  69,000  =  141,000«. 

B7(7), 

5+03  =  50, 

141,000  -  37,400  =  103,600*. 
By  (7)  apd  (8), 

5+o,  +  ^,o  =  j5r,iS04 

103,600  +  37,400  -  17,000  =  124,000« 

Finally,  by  (6), 

S+  0^  +  Zr,  =  i5^50^ 

124,000  +  69,000  =  193,000«. 

It  must  not  be  inferred,  from  the  manner  in  which  the  result 
is  stated,  that  we  have  here  reached  the  heat  of  combination  of 
the  ultimate  atoms,  for,  however  desirable  such  a  result  would  be, 
it  is  as  yet  unattainable.  All  that  we  intend  to  express  is  that 
32  grammes  of  solid  sulphur,  64  grammes  of  oxygen  gas,  and  2 
grammes  of  hydrogen  gas,  when  united  to  form  sulphuric  acid, 
fffSO^,  evolve  sufficient  heat  to  raise  the  temperature  of  193,000 
grammes  of  water  one  degree.  Our  experiments  only  prove,  it 
must  be  noticed,  that,  in  passing  from  the  elementary  substances 
to  the  ultimate  product,  through  the  intermediate  stages  which 
the  production  of  sulphuric  acid  involves,  a  certain  amount  of 
heat  is  lost  on  balancing  the  account  The  further  conclusion, 
that  the  ultimate  loss  of  heat  is  precisely  the  same  as  it  would 
be  if  sulphuric  acid  could  be  made  by  the  direct  union  of  the 
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elementary  substances  of  which  it  consists,  is  an  inference  firom 
the  principles  of  §  70.  In  order  to  determine  further  the  amount 
of  heat  evolved  in  the  union  of  the  elementary  atoms,  starting 
from  a  condition  in  which  these  atoms  are  completely  disso- 
ciated, we  must  know  further  the  heat  of  combination  of  the 
elementary  substances  themselves,  that  is,  the  heat  evolved  by 
the  union  of  the  atoms  to  form  the  molecules  of  solid  sulphur 
and  of  oxygen  and  hydrogen  gases. 

A  study  of  the  above  example  will  also  show  that  in  chemical 
processes  the  thermal  changes  are  due  not  only  to  chemical  ac- 
tion, but  also  to  the  change  of  physical  condition  which  such 
processes  involve.  Indeed,  on  the  principle  of  maximum  work 
(§  70),  the  latent  heat  of  an  aeriform  or  liquid  product  or  heat 
of  solution  may  be  the  determining  cause  of  a  given  chemical 
reaction.  Hence  it  is  essential  in  all  studies  of  this  kind  to 
pay  the  strictest  attention  to  physical  conditions,  and  to  state 
the  precise  conditions  under  which  a  given  result  was  reached. 
Moreover,  it  is  obvious  that,  although  so  simple  in  theory,  the 
problems  of  thermo-chemistry  may  be  very  complex  in  practice, 
and  demand  a  great  deal  of  ingenuity  in  devising  for  their  solu- 
tion processes  which  are  compatible  with  the  methods  of  calo- 
rimetry.  In  order  to  illustrate  these  points  still  further,  we  add 
a  second  example  from  an  investigation  of  Berthelot 

It  was  required  to  determine  the  heat  of  formation  of  aluminic 
bromide,  Al^r^.  The  heat  of  formation  of  aluminic  chloride, 
AlJCtl^,  had  been  previously  determined  by  Thomsen,  and  was 
known  to  be  321,800*.  Moreover,  the  heat  of  combination  of 
KCl  and  KBr  had  been  determined  by  Berthelot,  and  the  heat 
of  solution  of  these  salts  was  well  known.  Given  these  data, 
Berthelot  saw  that,  if  AljOl^  was  dissolved  in  water  containing 
6  KBvy  and,  on  the  other  hand,  Al^r^  dissolved  in  the  same 
amount  of  water  containing  6  KCl,  the  final  condition  of  the  two 
solutions  must  be  identical,  and  hence,  by  §  70,  the  total  quantity 
of  heat  evolved  in  reaching  these  conditions,  starting  from  the 
same  elementary  substances,  must  be  equal  If  then  he  deter- 
mined, as  could  readily  be  done,  the  heat  of  solution  in  the  two 
cases  just  mentioned,  he  could  put  equal  to  each  other  the  sums 
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which  represent  the  total  quantity  of  heat  developed  in  pro- 
ducing the  two  solutions,  and  as  in  this  equation  the  heat  of 
formation  of  AlJBr^  would  be  the  only  unknown  quantities,  the 
problem  was  easily  solved.    Thus  we  have 

K^  +  Br^  (gas)  +  ^^5  =  (6  KBr  +  Aq)  570,000* 
Al^Cl^  when  dissolved  in  the  previous  solution,  yielded  in 

the  determination  of  Berthelot,  152,000* 

Al^  +  a.  =  Al^a^  321,800* 

1,043,800* 
On  the  other  hand, 

E^  +  C/e  +  i<g  =  (6  KCl  +  Aq)  604,800* 
Alfir^  when  dissolved  in  last  solution,  173,800* 
Alt  +  Br^  =  Al^Br^  x 


778,600*  +  X 


X  +  778,600*=  1,043,800* 
X  =     265,200* 


73.  Restdti.  —  We  give  in  Table  V.  some  of  the  more  inter- 
esting results  which  have  thus  far  been  reached  in  the  investiga- 
tions of  thermo-chemistiy.  They  have  been  for  the  most  part 
selected  from  the  far  more  extended  tables  which  have  been 
published  in  the  "Annuaire  du  Bureau  des  Longitudes  de  Paris  " 
since  the  year  1877.*  In  a  few  cases  only  we  have  substituted 
for  the  numbers  in  the  original  table  the  results  of  more  recent 
determinations.  In  order  to  condense  the  table,  the  last  two 
figures  of  the  results  as  usually  given  are  omitted,  and  the  figures 
before  the  decimal  point  stand  for  thousands  of  heat  units,  as 
above  defined,  or  for  heat  imits  as  defined  in  §13.  The  full 
figures  can  be  obtained  by  referring  to  the  original  papers,  but 
as  a  rule  they  are  of  no  value  beyond  those  given  in  the  table. 
The  form  of  statement  adopted  in  the  table  has  already  been 
fully  explained  in  the  last  section,  and  the  student  must  be  very 
careful  not  to  mistake  the  conventional  meaning  of  the  symbols 
as  here  used  It  is  assumed  that  the  constituents  are  in  the 
condition  in  which  they  naturally  exist  at  the  temperature  of 
15^  C.  and  under  a  pressure  of  76  a  m.,and  the  results  are  based 

•  Also^  Jahresbericht  iiber  die  Fortschritte  der  Chemie,  1877. 
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on  experiments  made  at  approximately  the  same  temperature, 
except  in  the  few  cases  where  it  was  obviously  otherwise.  The 
condition  of  the  product  is  indicated  by  the  heading  of  the  col* 
umn  in  which  the  figures  relating  to  it  are  placed.  By  the  head- 
ing "  Solution "  is  meant  aqueous  solution,  and  the  quantity  of 
solvent  is  assumed  to  be  sufficiently  large  to  determine  the 
maximum  thermal  effect  Of  course,  the  "  Heat  of  Solution  " 
can  be  found  in  any  case  by  subtracting  from  the  numbers  of 
this  column  the  corresponding  number  in  one  of  the  three  pre- 
ceding columns.  But  it  must  be  noticed  that,  as  thus  used,  heat 
of  solution  is  often  a  mixed  effect  of  simple  solution  and  chemi- 
cal action ;  as,  for  example,  when  sulphuric  oxide  or  phosphoric 
oxide  is  dissolved  in  water.  In  a  similar  way,  many  other  data 
may  be  derived  from  the  table  which  are  not  explicitly  given,  and 
to  some  of  these  the  student's  attention  will  be  called  by  the 
problems.  But  in  comparing  thermo-chemical  data  derived  from 
different  experimental  results,  he  must  not  expect  to  find  entire 
accordance.  Although  these  values  are  undoubtedly  as  funda- 
mental constants  of  chemistry  as  the  atomic  weights,  yet  they 
have  not  been  as  yet  so  fully  confirmed  or  so  thoroughly  collated 
as  to  enable  us  to  present  an  entirely  consistent  system.  Hence 
the  table  here  given  must  be  regarded  as  provisional,  and  as 
serving  only  to  illustrate  the  principles  of  the  subject.  In  all 
cases  where  important  conclusions  or  practical  questions  are 
involved,  reference  should  be  had  to  the  original  papers,  where 
the  details  of  the  several  determinations  are  given,  and  from 
these  it  is  usually  possible  to  judge  how  far  the  results  can  be 
trusted. 

74.  Bxotfaermotui  and  EndothennoiiB  Bodies.  —  An  inspection 
of  Table  V.  will  show  that,  although  in  most  cases  heat  is  evolved 
in  the  production  of  a  compound  from  elementary  substances, 
yet  there  are  many  cases  in  which  the  formation  of  the  com- 
pound body  is  attended  by  an  absorption  of  heat.  Hence  a 
division  of  chemical  compounds  into  exotJiermous  and  endother* 
mom ;  and  these  two  classes  are  indicated  in  our  table  by  the 
plus  or  minus  sign,  which  is  invariably  placed  before  the  num- 
ber of  units  of  heat  developed  or  absorbed.    It  is  obvious  that 
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all  eadothermous  bodies  must  be  more  or  less  unstable,  since, 
acc(Hxling  to  the  principle  of  maximum  work,  they  must  constantly 
tend  to  break  up  into  the  elementary  substances  of  which  they 
consist.  The  most  remarkable  compound  of  this  class  on  our 
list  is  chloride  of  nitrogen,  whose  extreme  explosive  character  is 
well  known ;  and  this  corresponds  to  the  fact  indicated  by  Table 
v.,  that,  when  nitrogen  chloride  is  resolved  into  chlorine  and 
nitrogen  gases,  38,100  units  of  heat  are  set  frea  The  remarkable 
fact  thus  brought  into  prominence  might  seem  at  first  sight  in- 
consistent with  the  general  principle  already  enu;iciated,  that^ 
while  the  union  of  atoms  is  attended  with  the  development  of 
heat,  the  parting  of  atoms  involves  a  corresponding  absorption. 
But  it  will  be  noticed  that  in  the  reaction 

the  nitrogen  atoms  unite  with  each  other  to  form  molecules  of 
nitrogen  gas,  and  the  chlorine  atoms  in  a  similar  manner  to  form 
molecules  of  chlorine  gas,  and  the  amount  of  heat  evolved  by  the 
union  of  these  similar  atoms  so  far  exceeds  the  loss  of  heat  which 
attends  the  separation  of  the  dissimilar  atoms  of  chlorine  and 
nitrogen,  that  the  difierence  amounts  to  over  38,000  units.  The 
peculiar  properties  of  all  endothermous  compounds  are  probably 
to  be  explained  in  a  similar  way,  and  by  studying  the  thermal 
relations  of  such  substances  we  may  hope  to  be  able  heresifter 
to  determine  the  heat  of  combination  of  the  elementary  sub- 
stances themselves,  a  factor  in  thermo-chemistry  which  is  greatly 
wanting  to  the  completeness  of  this  subject  It  does  not,  how- 
ever, appear  that  the  amount  of  heat  absorbed  in  the  formation 
of  endothermous  compounds  is  the  sole  measure  of  their  insta- 
bility, since  their  molecular  structure  must  have  an  important 
influence  in  this  respect ;  and  it  is  probably  due  to  some  circum- 
stance of  atomic  grouping  that  acetylene,  for  example,  is  so  much 
more  stable  than  chloride  of  nitrogen,  although  the  heat  absorbed 
in  the  formation  of  the  molecule  CJT^  is  nearly  twice  as  great  as 
in  the  production  of  the  molecule  NCl^, 

75.  Ibq;>losive  Agentn.  —  There  are  many  substances  which, 
although  exothermous  in  respect  to  the  elementary  substances 
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from  which  they  are  ultimately  deiived,  are  endotheimous  in 
their  relations  to  certain  definite  products  into  which  they  are 
more  or  less  readily  resolved  with  evolution  of  heat  The  ordi- 
nary explosive  agents  are  bodies  of  this  class,  which  owe  their 
efficiency  not  only  to  the  heat  evolved  in  their  decomposition, 
but  also  to  the  circumstance  that  the  products  into  which  they 
fall  are  for  the  most  part  aeriform  bodies,  whose  molecules  acquire 
an  enormous  moving  power  under  the  influence  of  the  heat  thus 
generated.  One  of  the  most  remarkable  of  these  substances  is 
nitroglycerine,  a  frightfully  explosive  oil,  which  we  may  regard 
as  the  nitrate  of  the  radical  glyceryl  CJSfO^(NO^^ ;  and  by  de- 
veloping this  symbol  into  the  graphic  form,  the  student  will  see 
that,  although  the  material  contains  sufficient  oxygen  to  convert 
all  its  carbon  into  carbonic  dioxide  and  all  its  hydrogen  into  water, 
the  greater  part  of  the  oxygen  atoms  are  kept  apart  from  the 
atoms  of  these  very  combustible  elements  by  the  intervention  of 
atoms  of  nitrogen  in  the  structure  of  the  molecule.  The  shock 
of  an  exploding  fuse  is  sufficient,  however,  to  disturb  the  delicate 
balance  of  forces  by  which  the  unstable  structure  is  maintained, 
and  then  the  nitroglycerine  breaks  up,  as  the  following  equa- 
tion* indicates :  — 

The  great  rending  effects  of  the  explosion  are  direct  manifesta- 
tions of  the  enormous  moving  power  which  the  molecules  of  the 
aeriform  products  acquire  under  the  influence  of  the  heat  de- 
veloped in  the  chemical  change.  Berthelot  has  determined  that 
the  heat  of  formation  of  nitroglycerine  is  25,000  units.  Hence, 
assuming  that  the  products  are  cooled  down  to  15^  C,  and  ex- 
panded until  reduced  in  tension  to  76  c  m.,  the  heat  developed 
by  the  explosion  must  be 

3  (3®,         2  J  m,®      C^H^Nfi^ 
282,000  -h   148,500  -  25,000  =  405,500  units, 

or  1,786  units  for  each  gramme  of  the  explosive.  When  it  is 
remembered  that  this  amount  of  heat  is  the  equivalent  of  755.5 

*  The  equation  ia  written  conyentionally  in  thia  form,  to  aroid  large  numbeia 
in  calculation. 
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kilogiamiQe  metres,  and  corresponds  to  a  velocity  of  about  4,000 
metres  a  second  imparted  to  the  molecules  of  that  gramme  of 
matter,  we  find  an  adequate  cause  for  the  effects  observed.  More- 
over, since,  when  exploded  bj  a  fuse,  the  chemical  change  takes 
place,  essentially,  instantaneously  throughout  the  whole  mass  of 
the  nitroglycerine,  the  molecules  of  the  aeriform  products,  before 
they  have  time  to  expand,  strike  against  the  opposing  obstacle 
widi  the  fiill  force  of  their  acquired  velocity,  and  thus  a  small 
chaige  is  able  to  rend  a  large  mass  of  rock  on  which  it  simply 
rests  without  any  other  tamping  than  the  atmospheric  air.  An- 
other mode  of  estimating  the  explosive  force  ia  to  calculate  the 
temperature  of  the  products  by  the  principles  of  §  67,  and  then, 
assuming  that  the  whole  mass  of  gas  is  momentarily  confined 
to  the  space  previously  occupied  by  the  liquid  explosive,  deter- 
mine by  [10]  and  [4]  the  initial  tension.  As  we  know,  however, 
that  the  laws  governing  gas  tension  which  these  formulas  express, 
do  not  hold  rigorously  at  the  high  temperatures  and  pressures 
with  which  we  are  here  dealing,  we  cannot  place  much  confidence 
in  the  results  of  such  calculations. 

Although  gunpowder  19  a  mechanical  mixture,  and  not  a  defi- 
nite compound,  the  theory  of  its  action  is  essentially  the  same 
as  that  of  nitroglycerine,  the  chief  difference  being  that,  in 
burning,  the  chemical  action  takes  place  between  heterogeneous 
grains  instead  of  between  different  parts  of  the  same  molecule, 
and  for  that  reason  is  less  rapid  and  can  be  more  readily  con- 
troUed.  In  both  cases  the  efficiency  of  the  explosive  depends 
upon  the  circumstance  that  the  aeriform  products  of  the  chemical 
change,  confined  in  a  smaU  space  and  intensely  heated,  acquire  an 
enormous  tension ;  but  while  with  nitroglycerine  all  the  products 
are  gases,  with  gunpowder  more  than  one  half  are  solid,  and 
moreover  the  amount  of  heat  developed  in  the  explosion  of  nitro- 
glycerine is  two  and  a  half  times  greater  than  that  evolved  by 
the  burning  of  an  equal  weight  of  gunpowder. 

The  composition  of  gunpowder  does  not  usually  vary  more 
than  a  few  per  cent  from  that  indicated  l^  the  symbols, 

12 
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which  correspond  to  74.95^  of  nitre,  13.3%  of  charcoal,  and  11.8% 
of  sulphur.  These  ingredients  having  been  intimately  mixed  in 
the  condition  of  fine  powder,  the  resulting  meal,  moistened  with 
water,  is  compacted  by  hydraulic  pressure  into  a  solid  cake,  and 
this  is  then  broken  up  by  simple  mechanical  means  into  grains 
of  different  sizes.  The  following  facts  in  regard  to  the  burning 
of  gunpowder  in  closed  vessels  are  the  results  of  a  very  able 
investigation  of  the  subject  made  by  Abel  and  Noble. 

When  one  gramme  of  powder  is  burnt,  the  solid  products 
amount  to  about  0.57  gramme,  and  the  aeriform  products  to  about 
0.43  gramme.  The  solid  products  are  chiefly  a  mixture  of  potassic 
carbonate,  sulphate^  thiosulphite,  and  sulphide,  with  remnants 
of  imbumt  powder  in  very  varying  proportions.  The  composi- 
tion of  the  aeriform  product  is  more  constant,  and  does  not  vary 
much  from  50%  CO,,  11%  CO,  34%  J\r„  3%  jB"^,  2%  5"^  The 
volume  of  gas  furnished  by  the  combustion  of  one  gramme  of 
powder  in  a  closed  vessel  measured  at  0^  and  76  c.  m.  is  about 
280  cTuT.',  and  is  about  280  times  the  volume  of  the  gunpowder, 
whose  density  does  -not  vary  greatly  from  that  of  water.  The 
tension  of  the  products  of  combustion,  when  the  powder  entirely 
fills  the  space  in  which  it  is  fired,  is  about  6,400  atmospheres,  or 
42  tons  per  square  inch.  The  heat  developed  by  the  burning  of 
one  gramme  of  powder  is  about  705  gramme  units,  and  the  tem- 
perature momentarily  developed  about  2,200^  C.  The  total  work 
of  gunpowder  when  the  products  are  indefinitely  expanded  is 
theoretically  about  332,000  metre  grammes  per  gramme,  or  486 
foot  tons  per  pound  of  powder. 

76.  Chemical  Affinity.  —  The  force  which  holds  together  the 
atoms  in  a  molecule  is  usually  called  chemical  affinity,  and 
chemical  changes  are  frequently  ascribed  to  the  different  affini- 
ties for  each  other  which  different  atoms  possess.  In  the  older 
works  on  chemistry  great  stress  was  laid  on  what  were  called  the 
elective  affinities  of  substances,  compounds  as  well  as  elements  ; 
and  Bergman,  a  celebrated  chemist  of  the  last  century,  published 
a  series  of  tables  which  were  supposed  to  give  the  relative  affini- 
ties of  the  more  important  chemical  agents  known  in  his  time,  as 
indicated  chiefly  by  the  order  in  which  they  would  replace  each 
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other  in  a  series  of  chemical  reactions.  Thus  we  have  the  rela- 
tive afiEinities  of  sulphuric  acid  for  different  base?,  and,  on  the 
other  hand,  the  relative  affinities  of  a  base  like  potash  for  the 
different  acids.  The  word  affinity  originated  in  the  conception  of 
some  affection  inherent  in  a  body,  by  virtue  of  which  it  combined 
with  one  substance  in  preference  to  another,  and,  like  many 
other  scientific  terms,  has  long  survived  its  original  meaning. 
In  regard  to  the  nature  of  the  chemical  force  (affinity),  there 
have  been  many  different  opinions  among  natural  philosophers. 
Some,  like  Newton  and  Berthollet,  have  regarded  it  as  a  phase 
of  universal  attraction ;  others,  like  Davy  and  Berzelius,  have  con- 
sidered it  to  be  a  manifestation  of  electrical  action ;  while  many 
students  of  the  present  day  are  inclined  to  regard  all  chemical 
change  as  an  effect  of  the  motions  of  atoms.  But  although  we 
have  not  been  able  to  attain  any  clearer  views  of  the  essential 
nature  of  the  chemical  force  than  such  a  diversity  of  opinions 
would  indicate,  yet  in  the  principle  of  maximum  work  we  have 
obtained  from  the  study  of  thermo-chemistry  a  very  important 
generalization,  which  enables  us  in  most  cases  to  predict  the 
result  of  a  given  combination  of  materials  and  conditions.  Thus, 
to  add  another  example  to  those  already  given,  we  are  euabled  to 
predict,  from  the  data  given  in  Table  V.,  that,  when  bits  of  me- 
tallic zin6  are  placed  in  sulphuric  acid  diluted  with  water,  a 
chemical  reaction  will  take  place  by  which  hydrogen  gas  and 
a  solution  of  zinc  sulphate  will  be  formed. 

If  now  we  examine  closely  the  detaiU  of  this  very  simple 
thermo-chemical  problem,  we  shall  find  that  the  changes  of  physi- 
cal condition  are  the  chief  causes  which  determine  the  chemical 
change.  The  formation  of  sulphuric  acid  from  hydrogen  gas, 
which  our  calculation  assumes,  implies  the  expenditure  of  a  large 
amount  of  work  in  changing  an  aeriform  to  a  liquid  condition, 
and  hence  the  hydrogen  atoms  while  in  combination  may  be 
regarded  as  having  a  certain  energy  of  position,  which  facilitates 
their  return  to  the  condition  of  gas.  Then,  again,  the  solution 
of  the  zinc  sulphate  is  another  important  element  in  the  process ; 
for,  as  is  well  known,  all  chemical  action  ceases  as  soon  as  the 
water  becomes  saturated,  although  a  large  excess  both  of  sul- 
phuric acid  and  zinc  may  be  present 
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But  after  making  all  allowanoes  for  the  potency  of-  physical 
conditions,  it  wonld  appear,  from  the  present  standpoint  of  chem- 
istry, that  there  must  be  certain  differences  of  qualities  inherent 
in  the  atoms,  which  correspond  to  what  we  call  differences  of 
chemical  affinity,  and  which  are  important  factors  in  determining 
chemical  changes ;  and  it  is  certainly  legitimate  to  seek  to  meas- 
ure what  we  may  call  the  relative  potential  of  the  atoms  when  in 
a  state  of  indefinite  expansion  * 

77.  ThermolyalB,  or  DtasooiatloiL — The  heat  which  is  evolved 
in  most  cases  when  elementaiy  substances  unite  to  form  com- 
pounds, represents  a  certain  amount  of  work  which  ihe  chemical 
process  accomplishes,  and  we  should  therefore  expect  from  anal- 
ogy that  heat  would  be  able  to  undo  this  same  work,  and  hence 
that  at  a  sufficiently  high  temperature  the  compound  would  be 
again  resolved  into  elements.  Thus,  when  one  gramme  of  hy- 
drogen gas  unites  with  eight  grammes  of  oxygen  gas  to  form 
water,  34^  kilogramme  units  of  heat  are  evolved,  which  are  the 
equivalent  of  14,600  kilogramme  metres  of  work,  and  the  gases 
in  combining  have  lost  that  peculiar  movement  of  dieir  atoms 
and  molecules  which  was  the  essential  condition  of  their  previous 
state.  Now  it  is  just  this  quantity  of  motion  which  in  the  act  oi 
combination  is  converted  into  heat^  and  it  is  to  be  expected  that, 
if  the  same  amount  of  motion  is  restored  under  the  influence 
of  a  high  temperature,  the  water  will  be  converted  back  into  the 
elementary  gases.  Such  we  find  to  be  actually  the  case.  Ac- 
cording to  DeviUe,  when  steam  is  passed  through  a  heated  plati- 
num tube,  decomposition  commences  at  from  960^  to  1,000^;  but 
it  is  not  completed  until  a  much  higher  temperature  is  reached. 
Under  these  conditions  a  small  part  of  the  hydrogen  gas  escapes 
by  a  kind  of  osmotic  action  through  the  walls  of  the  platinum 
tube,  but  the  rest  recombines  with  the  oxygen  when  the  vapor 
cools,  leaving,  however,  a  volume  of  oxygen  half  as  great  as  that 
of  the  escaped  hydrogen,  which  can  be  collected  and  measured. 
With  a  tube  of  the  very  costly  metal  palladium,  the  osmotic 
action  is  so  strong  under  the  same  circumstances  as  to  deter- 

*  The  student  will  find  a  notice  of  a  partial  solution  of  this  problem  by 
Thomson,  in  the  Amerioan  Jontnal  of  Science^  VoL  XXI.,  Febmaiy,  IS81. 
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mine  a  y&j  considerable  sepaiation  of  the  two  gases;  and  a 
similar^  although  less  perfect  separation  can  be  obtained  with 
a  tube  of  porous  earthen-ware,  from  which  hydrogen  escapes  by 

diffusioa 

In  many  cases  when  a  compound  is  decomposed  by  heat,  the 
constituents  do  not  recombine  when  the  temperature  falls.  We 
should  expect  such  a  result  in  the  case  of  endothermous  bodies 
like  the  oxides  of  nitrogen,  but  the  same  is  true  of  many  exo- 
thermous  substances.  Thus,  when  passed  through  a  red-hot  tube, 
ammonia  gas  is  permanently  resolved  into  a  mixture  of  hydrogen 
and  nitrogen  gases,  hydric  sulphide  into  hydrogen  gas  and  sul- 
phur vapor,  marsh  gas  into  hydrogen  gas  and  coke ;  and,  indeed, 
almost  aU  compounds,  both  of  carbon  and  of  nitrogen,  are  per- 
manently decomposed  at  a  red  heat 

The  term  thermolysis,  corresponding  to  electrolysis,  very  accu- 
rately describes  phenomena  of  this  class,  and  is  to  be  preferred 
to  the  word  dissociation,  which  is  less  significant  By  some  au- 
thors the  last  term  is  reserved  for  those  cases  of  thermolysis  in 
which  the  elementary  substances  would  recombine  if  the  tempera- 
ture fell  to  a  suf&cient  degree,  and  it  is  convenient  to  speak  of 
the  elements  when  in  this  state  as  dissociated.  If  we  can  rely 
on  the  evidence  of  the  spectroscope,  all  the  present  elements 
become  dissociated  at  temperatures  which  we  can  readily  com- 
mand. The  greater  part  of  the  metallic  salts  are  thermolyzed  in 
the  flame  of  a  Bunsen  burner,  and  no  known  compound  resists 
the  high  temperature  which  is  obtained  by  the  dischaige  of  a 
powerful  induction  coU  when  intensified  by  a  Leyden  jar.  In- 
deed, there  is  reason  to  believe  that  under  these  circumstances 
some  of  the  substances  hitherto  regarded  as  elementary  are  tem- 
porarily resolved  into  simpler  conditiona  Moreover,  the  spec- 
troscope indicates  that  on  the  surface  of  the  sun  the  chemical 
elements  are  actually  in  a  state  of  permanent  dissociation,  if  not 
in  some  cases  themselves  decomposed.  According  to  the  nebular 
theory  our  earth  must  have  passed  through  a  similar  stage,  and 
not  until  the  crust  had  cooled  could  chemical  combination  begin ; 
and  in  imagination  we  can  go  back  to  a  still  earlier  period,  when 
there  was  but  one  substance,  and  regard  all  chemical  qualities  and 
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relations  as  the  results  of  the  successive  difiTerentiations  of  this 
primeval  mass  as  it  gradually  cooled. 

The  principles  of  this  section  have  a  very  important  bearing 
on  the  determination  of  molecular  weights  by  means  of  vapor 
densities  (§  18);  for  it  is  evident  that^  if  in  the  process  the 
vapor  undergoes  thermolysis,  the  result  must  be  wholly  vitiated. 
In  some  cases  dissociation  follows  volatilization  so  immediately 
that  the  abnormal  vapor  density  is  the  only  direct  evidence  we 
have  of  the  decomposition.  For  example,  the  density  of  the 
vapor  of  ammonic  chloride,  instead  of  being  26.75,  as  we  should 
expect  from  the  undoubted  weight  of  its  molecule,  NHiCl,  is  only 
about  one  half  of  this  amount ;  and  the  reason  probably  is,  that, 
when  heated,  the  molecule  breaks  into  two,  and,  in  consequence, 
the  volume  of  the  vapor  doubles. 


Nn^a 

= 

JW^ 

+ 

ira 

So,  also,  chloral  hydrate  yields  a  vapor  density  which  is  only 
half  as  great  as  the  admitted  constitution  of  its  molecule  de- 
mands ;  and  although  it  is  to  a  high  d^ree  probable  that  this 
compound  would  break  up,  when  heated,  into  chloral  and  water, 
yet  it  is  very  difficult  to  obtain  any  convincing  evidence  that 
such  a  change  has  taken  place.  In  both  the  cases  we  have 
cited  the  molecules  recombine  in  assuming  the  solid  condition, 
and  all  the  phenomena  attending  the  change  of  state  are  pre- 
cisely the  same  as  those  observed  in  any  other  volatile  body. 
Indeed,  although  many  very  ingenious  experiments  have  been 
made  with  a  view  of  settling  the  question,  it  is  still  uncertain, 
not  only  in  this,  but  also  in  several  other  cases,  whether  disso- 
ciation has  taken  place  or  not  The  question  is  of  great  im- 
portance to  the  theory  of  chemistry.  If  dissociation  does  not 
take  place,  the  cases  referred  to  are  exceptions  to  the  law  of 
equal  molecular  volumes,  and  specific  gravity  can  no  longer 
be  regarded,  as  now,  the  sole  measure  of  molecular  weight  If, 
however,  it  can  be  proved  that  such  a  change  does  take  place, 
then  the  unity  of  our  present  theory  is  preserved,  and  Uie 
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chemist  has  only  to  guard  against  this  cause  of  error  in  his 
experiments. 

When  dissociation  does  not  b^in  until  the  temperature  has 
risen  considerably  above  the  point  at  which  the  substance  be- 
comes a  permanent  gas,  the  change  is  marked  by  a  more  or  less 
rapid  falling  off  of  the  vapor  density  as  the  temperature  rises. 
Such  a  change  can  be  discovered  by  repeating  the  observation 
at  different  temperatures,  and  it  is  only  when  the  values  thus 
obtained  are  constant,  that  entire  reliance  can  be  placed  upon 
the  observatioa  The  gradual  change  of  density,  which  is  the 
indication  of  dissociation  under  such  circumstances,  is  strikingly 
illustrated  by  the  vapor  of  sulphur.  The  vapor  density  of  this 
elementary  substance  at  temperatures  near  its  boiling-point  is, 
according  to  Deville,  6.62  (referred  to  air),  which  corresponds  very 
closely  to  the  theoretical  density  for  S^,  Above  SOO""  the  density 
gradually  diminishes,  but  becomes  constant  again  at  about  800^. 
and  above  this  the  density  is  2.23,  which  corresponds  to  the  sym- 
bol Sf  A  still  more  striking  illustration  of  the  same  principle 
is  furnished  by  the  recent  experiments  of  Crafts  and  Meier  on 
the  density  of  iodine  vapor  at  high  temperatures  and  low  ten- 
sions. Through  quite  a  wide  variation  of  temperature,  between 
350°  and  700^  the  density  of  the  vapor  is  8.8,  which  corresponds 
closely  to  the  theoretical  density  for  /-/  where  /=  127.  But 
above  700°  the  density  gradually  diminishes,  and  at  1,500°  again 
becomes  constant  at  4.6,  which  is  nearly  the  theoretical  density 
a  gas  would  have  whose  molecules  were  isolated  atoms  of  iodine. 

Victor  and  Carl  Meyer  in  their  experiments,  at  high  tempera- 
tures, on  the  density  of  chlorine  gas,  as  well  as  iodine  vapor,  only 
succeeded  in  reducing  the  density  in  either  case  to  two  thirds  of  the 
normal  values.  But  they  experimented  at  the  tension  of  the  air, 
while  Crafts  and  Meier  worked  with  a  mixture  of  air  and  iodine 
vapor,  in  which  the  tension  of  the  vapor  was  comparatively  small, 
and  this  circumstance  fully  explains  the  difference  in  the  results. 
Not  only  does  a  low  tension  favor  dissociation,  biit,  as  B^gnault 
has  shown,  the  lower  the  tension  the  more  nearly  do  aeriform  sub- 
stances obey  the  law  of  Mariette,  and  therefore  the  more  closely 
will  the  observed  density  agree  with  the  theoretical  value  (§  18). 
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A  change  of  vapor  density  similar  to  that  just  described  is 
sometimes  observed  near  the  boiling-point  of  a  volatile  snb* 
stance.  This  is  well  shown  by  a  series  of  determinations  of  the 
specific  gravity  of  the  vapor  of  acetic  acid  made  by  Cahours. 
This  acid,  when  in  the  most  concentrated  state,  boils  at  120^  and 
the  specific  gravity  of  its  vapor  referred  to  hydrogen  at  the  same 
temperature  and  pressure  was  found  to  have  the  following  values 
at  the  temperatures  indicated  :  — 

At  125**  46.90  At  170'*  35.30  At  240*  30.16 

«  130  44.82  «  180  35,19  "  270  30.14 

«  140  41.96  "  190  34.33  "  310  30.10 

«  150  39.37  «  200  32.44  "  320  30.07 

"  160  37.59  «  220  30.77  "  336  30.07 

It  will  be  noticed  that,  as  the  temperature  increases,  the  spe- 
cific gravity  diminishes,  at  first  very  rapidly,  afterwards  more 
slowly,  and  does  not  become  constant  until  the  temperature  has 
risen  125''  above  the  boiling-point,  when  we  have  the  true  spe- 
cific gravity  of  acetic  acid  in  the  state  of  gas.  This  gives  for  the 
molecular  weight  of  acetic  acid  60  very  nearly,  which  corresponds 
to  the  received  formula,  CfH^O^.  The  variations  in  such  cases 
are  to  be  referred  to  the  same  causes  which  determine  even  in 
the  permanent  gases  slight  deviations  from  Mariotte's  law,  and 
the  normal  density  is  not  reached  until  the  molecules  are  so  feir 
separated  as  to  render  their  attraction  for  each  other  insensible. 
It  is  only  when  in  this  condition,  the  condition  of  a  true  gas,  that 
equal  volumes  of  all  substances  contain  the  same  number  of 
molecules ;  and  while  some  substances,  like  water  and  alcohol, 
assume  this  state  at  temperatures  only  a  few  degrees  above  their 
boiling-point,  other  substances  must  be  heated  to  a  much  higher 
temperature  before  the  effect  of  molecular  attraction  in  increas- 
ing the  density  of  the  vapor  ceases  to  be  felt  Evidently  the 
action  of  heat  in  overcoming  molecular  attraction  is  an  effect  of 
the  same  class  as  dissociation,  and  the  two  phenomena  we  have 
been  considering  are  closely  allied. 

In  deducing  molecular  weights  from  vapor  densities  we  must 
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be  on  our  guard  against  both  of  these  sources  of  error,  and  it  is 
only  when  the  specific  gravity  remains  constant  under  varying 
temperature  that  we  can  deduce  any  safe  conclusions  from  the 
results  obtained. 


QX7ESTION8  AND  PROBLEMS. 

1.  How  many  times  moie  space  does  the  carbonic  dioxide  fonned 
by  burning  charcoal  {Sp.  Gr.  =  2)  occupy  than  the  charcoal  burnt) 

Ans.  1  cubic  centimetre  (or  2  grammes)  of  charcoal  yields  3.720 
litres.  Hence  the  gas  occupies  3,720  times  the  volume  of 
the  charcoaL 

2.  How  many  litres  of  oxygen  gas  are  required  tq  bum  1  litre  of 
alcohol  vapor,  and  how  many  litres  of  aqueous  vapor,  and  how  many 
of  carbonic  dioxide,  wiU  be  formed  in  the  process  1 

Ans.  3  litres  of  oxygen,  3  litres  of  aqueous  vapor,  2  litres  of  car- 
bonic dioxide. 

3.  Given  the  symbol  of  alcohol,  Cfifi^  to  find  its  calorific  power. 
Ans.  6,672  units,  or  7,200  units,  assuming  that  the  steam  formed 

was  condensed. 

4.  The  composition  of  dried  peat  is  as  follows:  Carbon,  625.4; 
Hydrogen,  68.1;  Oxygen,  292.4;  Nitrogen,  14.1.  Find  the  calorific 
power.  Ans.  5,811  units. 

5.  Find  the  calorific  intensity  of  marsh  gas  burnt  in  oxygen. 

Cff,  +  2  0-0  =  aO,  +  2  Hfi 

Calorific  power  of  marsh  gas,  13,063.     Specific  heat  of  steam,  0.4805  ; 
of  00„  0.2164.  Ans.  7,793**. 

6.  Find  the  calorific  intensity  of  olefiant  gas  burnt  in  oxygen. 

Cfi^  +  3O0  =  2C0,  +  2iy,0 

Calorific  power  of  (V9^,  11,858.     Specific  heat  of  steam  and  carbonic 
dioxide  as  in  last  problem.  Ans.  9,136^. 

7.  Find  the  calorific  intensity  of  marsh  gas  and  defiant  gas  burnt 
in  air.  Besides  the  data  already  given,  we  have  also  specific  heat  of 
nitrogen,  0.244.  Ans.  2,662''  and  2,916^ 
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8.  Detennine  the  heat  of  comhination  of  ^7+  A*  =  HBr  from  the 
following  data :  — 

{KBr  +  iig)  +  i  C!f,  =  {KOI  +  J  ^r,  +  iig)  11,478« 

i  ^1  +  i  C«|  +  ^2  =  (^Ci  +  Ail  39,316« 

(Z0^+  iig)  +  {ECl  +  iij)  =  {KCl  +  iig)  13,760» 

{EOff+  Aq)  +  (-flBr  +  iig)  =  {KBr  +  Aq)  13,760* 

J^r,  +  -43^  =  (J^r,  +  ^j)  539* 

JSDS^  +  -ifi'  =  (iffir  +  Aq)  19,940- 

Ana.  8,436". 

9.  Determine  the  heat  of  comhination  of  ff+  /=  ffl  from  the 
following  data,  in  addition  to  those  given  in  the  last  problem  :  — 

{KOB+  Aq)  +  (HI  +  Aq)  =  (KI  +  Aq)       1 3,680* 

(EI  '^Aq)  +  iCl^  =  (KCl  +  Aq)  +  J/,        26,209- 

m+Aq  =  {m'{'  Aq)  19,210« 

Ana.  — 6,034*. 

10.  Detennine  the  heat  of  combination  of  JT  -h  ^  =  J^^  from  the 
foUowing  data,  in  addition  to  those  given  in  Problem  8  :  — 

(J  Nff,  +  Aq)-{-iCl,=  (NHfil  +  iig)  +  i  N^     39,871* 

{HCl  +  Aq)  +  {NH^  +  il^)  =  (JWSiCT  +  Aq)    12,270* 

i^i  +  iig  =  (NH^  +  ii(7)  8,436- 

Ans.  26,707-. 

11.  Detennine  the  heat  of  combination  of  ^^  +  ^  =  -^fS^from  the 
following  data,  in  addition  to  those  given  in  Problem  9 :  — 

{h'\-Aq)'\'H^^(2HI+Aq)  +  \8^    21,830- 

Ans.  4,522-. 

12.  Determine  the  heat  of  combination  of  (7  +  -S^  ^  CB^^  Ct  +  B^ 
s=  CfEf^f  and  Cs  +  J^  =  CAf  lowing  that  the  heat  of  combostion 
of  these  typical  hydrocarbons  is  as  follows :  — 
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CH^  +  2  0,  =  CO,  +  2  Hfi  210,000« 

CtH^  +  3  O,  =  2  C 0,  +  2  £;0        334,000* 
CA  +  f  0,  =  2  CO,  -f  ir,0         321,000« 
Ana.  0^^, +22,000»;    0,ir„  ^,000«;    0,£r„  -64,000*. 

13.  Calculate  from  the  data  given  in  Table  Y.  the  amount  of  heat 
evolved  in  the  two  following  reactions :  — 

jro/o,  =  jro/  +  fO, 

NHJUO^  =  2  jy,0  (Hquid)  +  N^O 

14.  Analyze  the  following  reaction,  and  show  that  it  conesponda  to 
the  principle  of  maximum  work :  — 

Why  is  not  a  corresponding  reaction  possible  with  copper  % 

15.  Assuming  that  the  symbol  of  gun-cotton  is  OuZf|^0«,  and 
that  the  heat  of  formation  is  502,000  units,  calculate  the  amount 
of  heat  developed  by  the  explosion  of  one  gramme.  To  how  many 
kilogramme  metres  does  the  heat  thus  generated  correspond,  and  what 
velocity  does  it  impart  to  the  products  of  the  explosion  t 

16.  At  the  temperature  of  470°  the  S|l.  ®r.  of  the  vapor  of  sul- 
phuric acid  is  approximately  1.697.  How  does  this  result  agree  with 
the  generally  received  symbol  of  this  eompound|  and  how  do  you 
explain  the  discrepancy  1 


CHAPTER  XIV. 

BELATIONS  OF  THE  ATOMS  TO  LIGHT. 

78.  Ui^t  a  Mode  of  Atomio  Motion.  —  It  has  already  been 
intimated  (§  66,  note),  that  the  phenomena  of  vision  are  the 
effects  of  an  atomic  motion  transmitted  from  some  luminous 
body  to  the  eye  through  continuous  lines  of  material  particles, 
and  such  lines  we  call  rays  of  light.  This  motion  may  origi- 
nate with  the  atoms  of  varuma  substances ;  but  in  order  to  ex- 
plain its  transmission,  we  are  obliged  to  assume  the  existence 
of  a  medium  filling  all  space,  of  extreme  tenuity,  and  yet  having 
an  elasticity  sufficiently  great  to  transmit  the  luminous  pulsa- 
tions with  the  incredible  velocity  of  186,380  miles  in  a  second 
of  time.  This  medium  we  call  the  ether,  but  of  its  existence  we 
have  no  definite  knowledge  except  l^t  obtained  through  the 
phenomena  of  light  themselves,  and  these  require  assumptions 
in  regard  to  the  constitution  of  the  ethereal  medium  which  are 
not  realized  even  approximately  in  the  ordinary  forms  of  matter ; 
for  while  the  assumed  medium  must  be  vastly  less  dense  than 
hydrogen,  its  elasticity  must  surpass  that  of  steel,  and  be  of  the 
same  kind. 

According  to  the  undulatory  theory,  motion  is  transmitted 
from  particle  to  particle  along  the  line  of  each  luminous  wave, 
very  much  in  the  same  way  that  it  passes  along  the  line  of 
ivory  balls  in  the  well-known  experiment  of  mechanics.  The 
ethereal  atoms  are  thus  thrown  into  waves,  and  the  order  of 
the  phenomena  is  similar  to  that  with  which  all  are  familiar  in 
the  grosser  forms  of  wave  motion.  But  in  this  connection  we 
have  no  occasion  to  dwell  on  the  mechanical  conditions  attend- 
ing the  transmission  of  the  motion.  The  motion  itself  may  be 
best  conceived  as  an  oscillation  of  each  ether  particle  in  a  plane 
perpendicular  to  the  direction  of  the  ray,  not  necessarily,  how- 
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ever,  in  a  straight  line ;  for  the  orbit  of  the  osoiUating  molecule 
may  be  either  a  straight  line,  an  ellipse^  or  a  circle,  as  the  case 
may  ba  Such  oscillations  may  evidently  differ  both  as  regards 
their  amplitude  and  their  duration,  and  on  these  fundamental 
elements  depend  two  important  differences  in  the  effect  of  the 
motion  on  the  organs  of  vision ;  namely,  intensity  and  quality, 
or  brilliancy  and  color. 

If  our  theory  is  correct,  it  is  obvious  that  the  intensity  of  the 
luminous  impression  must  depend  upon  the  force  of  the  atomic 
blows  which  are  transmitted  to  the  optic  nerves,  and  it  is  also 
evident  that  this  force  must  be  proportional  to  the  square  of  the 
velocity  of  the  oscillating  atoms,  or,  what  amounts  to  the  same 
thing,  to  the  square  of  the  amplitude  of  the  oscillation ;  assum- 
ing, of  course,  that  the  oscillations  are  isochronous. 

The  connection  of  polor  with  the  time  of  oscillation  is  not  so 
obvious,  and  why  it  is  that  the  waves  of  ether  beating  with 
greater  or  less  rapidity  on  the  retina  should  produce  such  sen- 
sations as  those  of  violet,  blue,  yellow,  or  red,  the  physiolc^t 
is  wholly  unable  to  explain;  We  have,  however,  an  analogous 
phenomenon  In  sound,  for  musical  notes  are  simply  the  effects 
of  waves  of  air  beating  in  a  similar  way  on  the  auditory  nerves ; 
and,  as  is  well  known,  the  greater  the  frequency  of  the  beats,  or, 
in  other  words,  the  more  rapid  the  oscillations  of  the  aerial  mole- 
ctdes,  the  higher  is  the  pitch  of  the  note.  Bed  color  corresponds 
to  low,  and  violet  to  high  notes  of  music,  and  the  gradations  of 
color  between  these  extremes,  passing  through  various  shades 
of  yellow,  green,  blue,  and  indigo,  correspond  to  the  well-known 
gradations  of  musical  pitch. 

By  well-known  means  we  can  measure  the  lengths  of  the 
ether  waves,  and  from  these  data  we  can  easily  calculate  the 
rapidity  of  the  oscillations  which  produce  the  different  sensations 
of  color.  The  following  table  contains  the  results.  It  must  be 
understood,  however,  that  these  numbers  merely  correspond  to  a 
few  shades  of  color  definitely  marked  on  the  solar  spectrum  by 
certain  very  prominent  dark  lines  hereafter  to  be  mentioned, 
which  are  designated  by  the  letters  of  the  alphabet ;  and  that 
equally  definite  values  may  be  assigned  to  the  infinite  number 
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of  intennediate  shades  which  intervene  between  these 
subdivisions  of  the  chromatic  scale. 


WAVES  OF  LIGHT. 
^000  Lengthi  adopted  &y  An^trSm. 


Oolor. 


LtDgthofWavwia 
lO-Mofalbtn. 
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762,431        " 

U 

Bed 


Yellow  D 
Green  E 
Blue  F 
Indigo    O 
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79.  Natural  Colors.  —  It  follows,  as  a  necessary  consequence 
of  the  fundamental  laws  of  mechanics,  that  an  oscillating  mole- 
cule can  only  transmit  to  its  neighbor  motion  which  is  isochronous 
with  its  own.  Hence  a  single  ray  of  light  can  only  produce  a 
definite  effect  of  color,  and  this  quality  of  the  ray  will  be  pre- 
served, however  far  the  motion  may  travel  A  beam  of  light  is 
simply  a  bundle  of  rays,  and  if  the  motion  is  isochronous  in  all 
its  parts,  that  is,  if  the  beam  consists  only  of  rays  of  one 
shade  of  color,  such  a  beam  wiU  be  monochromatic,  and  will 
produce  the  simplest  chromatic  sensation  possible,  —  that  of  a 
simple  color.  If,  however,  the  beam  contains  rays  of  different 
colors,  we  shall  have  a  more  complex  effect,  aild  the  infinite 
variety  of  natural  tints  are  thus  produced.  When,  lastly,  the 
beam  contains  rays  of  all  the  colors  mingled  in  due  proportion, 
we  receive  an  impression  in  which  no  single  color  predominates, 
and  this  we  call  white  light. 

The  colors  of  natural  objects,  whether  inherent  or  imparted  by 
various  dyes,  are  simply  effects  upon  the  retina  produced  by  the 
beam  after  it  has  been  reflected  from  the  surface  or  transmitted 
through  the  mass  of  the  body,  and  the  peculiar  chromatic  effects 
are  due  to  the  unequal  proportions  in  which  the  different  colored 
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iftya  are  tbus  absorbed.  The  color  reflected,  and  that  absorbed 
or  traDsmitted,  are  always  complementaiy  to  each  other,  and  if 
mingled  they  would  reproduce  white.  It  is  obvious,  moreover, 
that  no  beam  of  light,  however  modified  by  reflection  or  trans- 
misaioQ,  could  produce  the  seoaation  of  a  given  color  if  it  did 
not  contain  from  the  first  the  corresponding  colored  rays.  Hence 
it  is  that  the  colors  of  objects  only  appear  natural  by  daylight ; 
and  when  illuminated  by  a  monochromatic  light,  all  colors  blend 
in  that  of  this  one  pure  tint 

80.   ChromKtio  BpMitn  amd  SpsotrosoopM.  — When  a  beam  of 
bght  is  passed  through  a  glass  prism  placed  as  shown  in  Fig.  4, 


it  is  not  only  refraUed,  that  is,  bent  from  its  original  rectilinear 
course,  but  the  colored  rays  of  which  the  beam  consists,  being 
bent  unequally,  are  separated  to  a  greater  or  less  extent,  and, 
falling  on  a  screen,  produce  an  elongated  image  colored  with  a 
succession  of  blending  tints,  which  we  call  the  spectrum.  The 
red  rays,  which  are  bent  the  least,  are  said  to  be  the  least  rtfran- 
ff3)U,  while  the  violet  rays  are  the  most  refrangiUe ;  and  inter- 
mediate between  theSe  we  have,  in  the  order  of  refrangibility, 
the  various  tints  of  yellow,  green,  blue,  and  indigo.  Thus  a 
prism  gives  an  easy  means  of  analyzing  a  beam  of  light,  and  of 
discovering  the  character  of  the  rays  by  which  a  given  chromatic 
effect  is  produced    Such  observations  are  very  greatly  focilitated 
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hy  a  class  of  iDstruments  called  spectroscopes,  and  Figs.  6  and 
8  viU  illustirate  the  principles  of  their  construction. 


In  the  very  powerful  instrument  first  represented,  the  beam 
of  light  is  passed  in  saccession  through  nine  prisms  (each  having 
an  angle  of  45°),  and  the  extreme  rays  are  thus  widely  separatRd, 


while  the  beam  itself  is  bent  around  nearly  a  whole  drcnmfer- 
ence.    The  only  other  essential  parts  of  the  instrument  are  the 
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coUimator  A  and  tbe  telescope  B.  The  light  first  enteis  the 
collimator  through  a  narrow  slit,  and,  having  passed  through 
the  priam3,  is  received  by  the  telescope.  The  telescope  is  ad- 
justed as  it  would  be  for  viewing  distant  objects,  and  a  lens  at 
the  end  of  the  collimator  serves  to  render  the  rays  dive^ing 
from  the  slit  parallel,  so  that,  when  the  two  tubes  are  in  line, 
one  sees  through  the  telescope  a  magnified  image  of  the  slit, 
just  as  if  the  slit  were  at  a  great  distance.  In  like  manner,  when 

F1I.T. 


the  telescopes  are  placed  aa  in  Fig.  6,  and  when  the  light  before 
reaching  the  telescope  passes  through  the  whole  series  of  prisms, 
we  still  see  a  single  definite  image  whenever  the  slit  is  illuminated 
by  a  pure  monochrematic  light.  Moreover,  this  image  has  a 
definite  position  in  the  field  of  view,  which,  when  the  instrument 
is  similarly  adjusted,  depends  solely  on  the  refrangibility  of  the 
light 

Thus,  if  we  place  in  &ont  of  the  slit  a  sodium  flame,  which 
emits  a  pure  yellow  light,  we  see  a  single  yellow  image  of  this 
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longitudinal  opening,  as  in  Fig.  7,  Ncu  If  we  use  a  lithium 
flame,  we  see  a  similar  image,*  but  colored  red,  and  at  some 
'distance  from  the  first,  to  the  left,  if  the  parts  of  our  instru- 
ment are  disposed  as  in  Fig.  8.  If  we  use  a  thallium  flame, 
we  in  like  manner  see  a  single  image,  but  colored  green,  and 
falling  considerably  to  the  right  of  both  of  the  other  two.  If 
now  we  illuminate  the  slit  by  the  three  flames  simultaneously, 
we  see  all  three  images  at  once  in  the  same  relative  position  as 
before.  So  also,  if  we  examine  the  flame  of  a  metal,  which  emits 
rays  of  several  definite  degrees  of  re&angibility,  we  see  an  equal 
number  of  definite  images  of  the  slit  If,  next,  we  illuminate  the 
slit  with  sunlight,  which  contains  rays  of  all  d^rees  of  refrangi- 
bility,  we  see  an  infinite  number  of  images  of  the  slit  spread  out 
along  the  field  of  view,  and  these,  overlapping  each  other,  form 
that  continuous  band  of  blending  colors  which  we  call  the  solar 
spectrum.  If,  lastly,  we  examine  with  our  instrument  the  light 
reflected  from  a  colored  surface,  or  transmitted  through  a  colored 
medium,  we  also  see  a  band  of  blending  colors,  but  at  the  same 
time  we  observe  that  certain  portions  of  the  normal  solar  spec- 
trum are  either  wholly  wanting  or  greatly  obscured. 

With  a  spectroscope  of  many  prisms  like  the  one  represented 
by  Fig.  6,  we  can  only  see  a  small  portion  of  the  spectrum  at 
once.  By  moving  the  telescope,  which,  fastened  to  a  metallic 
arm,  revolves  around  the  axis  of  the  instrument,  different  por- 
tions of  the  spectrum  may  be  brought  into  the  field  of  view ; 
while  a  vernier,  attached  to  the  same  arm  and  moving  over  a 
graduated  arc,  enables  us  to  fix  the  position  of  the  spectrum 
lines,  as  the  images  of  the  slit  are  usually  called.  The  other 
mechanical  details  shown  in  the  figure  are  required  in  order 
to  adjust  the  various  parts  of  the  instrument,  and  especially 
in  order  to  bring  the  prisms  to  what  is  termed  the  angle  of 
minimum  deviation.  But  an  instrument  of  this  magnitude  and 
power  is  not  required  for  the  ordinary  applications  of  the  spec- 
troscope in  chemistry.  For  this  purpose  a  small  instrument, 
consisting  of  a  collimator,  a  single  prism,  and  a  telescope,  all  in 
a  fixed  position,  is  amply  sufiicient     In  the  field  of  such  a 

*  The  second  image  shown  in  Fig.  7^  Xi,  is  not  ordinarily  seen. 
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Spectroscope  the  whole  apectnnn  may  be  seen  at  once ;  and  the 
position  of  the  spectrum  lines  is  vety  easily  detenained  by  means 
of  a  phoh^ixaphic  scale  placed  at  one  side,  and  seen  by  light 
reflected  into  the  telescope  from  Uie  face  of  the  prism 

The  various  parte  of  the  instrument,  as  arranged  for  observa- 
tion, are  shown  in  Fig.  8.  A  is  the  collimator,  P  the  prism, 
and  B  the  telescope.  The  tube  C  carries  the  photographic 
scale,  and  has  at  the  end  nearest  to  the  prism  a  lens  of  such 
focal  length  that  the  image  both  of  the  slit  and  the  scale  may 
be  seen  through  the  telescope  at  the  same  time,  the  one  appear- 
ing projected  upon  the  other.  The  screw  e  serves  to  adjust  the 
width  of  the  slit    Moreover,  one  half  of  the  length  of  the  slit  is 


covered  by  a  small  glass  prism,  so  arranged  that  it  reflects  into 
the  collimator  tube  the  rays  from  a  lamp  placed  on  one  side. 
Thus  the  two  halves  of  the  slit  may  be  illuminated  indepen- 
dently by  light  &om  different  sources,  and  the  two  spectra,  which 
are  then  seen  superimposed  upon  each  other  (see  Fig.  9),  exactly 
compared.  The  various  screws,  which  appear  in  Fig.  8,  are  used 
for  adjusting  the  different  parts  of  the  instroment. 

81.  Bp«otnim  Anaiyals.  —  The  atoms  of  the  different  chemical 
elements,  when  rendered  Inminoos  under  certain  definite  condi- 
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tions,  always  emit  light  whose  color  is  more  or  less  character- 
istic, and  which,  when  analyzed  with  the  spectroscope,  exhibit 
spectra  similar  to  those  which  are  represented  in  Fig.  7,  so  far 
as  is  possible  without  the  aid  of  6olor.  Sometimes  we  see  only 
a  single  line  in  a  definite  position,  as  in  the  case  of  Na,  Li,  and 
H,  already  referred  to.  At  other  times  there  are  several  such 
lines ;  and,  still  more  frequently,  to  these  lines  (or  definite  im- 
ages of  the  slit)  there  are  superadded  more  or  less  extended 
portions  of  a  continuous  spectrum.  Moreover,  not  only  is  the 
general  aspect  of  each  spectrum  exceedingly  characteristic,  but 
the  occurrence  of  its  peculiar  lines  is  also,  so  far  as  we  know,  an 
absolute  proof  of  the  presence  of  a  given  element,  and  these  lines 
may  be  readily  recognized  by  their  position,  even  when  the  char- 
acter of  the  spectrum  is  otherwise  obscure.  It  is  evident,  then, 
that  we  have  here  a  principle  which  admits  of  most  important 
applications  in  chemical  analysis,  and  it  only  remains  to  con- 
sider under  what  conditions  the  elementary  atoms  emit  their 
characteristic  light 

First.  All  bodies  when  intensely  heated  are  rendered  lumi- 
nous, and,  other  things  being  equal,  the  higher  the  temperature 
the  more  intense  is  the  light  The  brilliancy  of  the  light  emitted 
at  the  same  temperature  by  different  bodies  varies  very  greatly, 
the  densest  bodies  being,  as  a  general  rule,  the  most  intensely 
luminous. 

Secondly.  Solid,  and  also  liquid  bodies  if  opaque,  emit  when 
ignited  white  lights  or  at  least  light  which  shows  with  the  spec- 
troscope a  continuous  spectrum  more  or  less  extended.  At  a 
red  heat  the  light  from  such  bodies  consists  chiefly  of  red  rays, 
but  as  the  temperature  rises  first  to  a  white  and  then  to  a  blue 
heat,  the  more  refrangible  rays  become  more  abundant,  and 
finaUy  predominate. 

Thirdly.  The  elementary  substances  give  out  their  peculiar 
and  characteristic  light  only  in  the  state  of  gas  or  vapor.  Hence, 
when  we  examine  with  a  spectroscope  a  source  of  light,  we  may 
infer  that  a  continuous  spectrum  indicates  the  presence  of  solid 
or  liquid  bodies,  while  a  discontinuous  spectrum,  with  definite 
lines  or  images  of  the  slit,  indicates  the  presence  of  gases  and 
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vapois;  and  in  the  last  case  we  can,  as  has  been  seen,  infer 
from  the  position  of  the  lines  the  nature  of  the  luminous  atoms. 
It  would  seem,  however,  from  recent  investigations,  that  under 
certain  conditions  even  a  gas  may  show  a  continuous  spectrum, 
and  there  are  other  seeming  exceptions  which  admonish  us 
that  the  general  principles  just  stated  should  be  applied  with 
caution. 

Fourthly.  At  the  very  high  temperatures  at  which  alone 
gases  or  vapors  become  luminous,  compoimd  bodies,  as  a  rule, 
appear  to  be  decomposed,  and  the  elementary  atoms  disso- 
ciated. Hence  the  observations  with  the  spectroscope  have 
been  almost  entirely  confined  to  the  spectra  of  the  elementary 
substances^  and  our  knowledge  of  the  spectra  of  compound  sub- 
stances is  exceedingly  limited.  In  some  few  cases  where  the 
spectrum  of  a  compound  has  been  obtained,  it  has  been  noticed 
that,  as  the  temperature  rises,  this  spectrum  is  suddenly  re- 
solved into  the  separate  spectra  of  the  elements  of  which  the 
compound  consists. 

Fifthly.  At  a  high  temperature  the  metallic  atoms  of  a 
compound  body  are  far  more  luminous  than  those  of  the  other 
elementary  atoms  with  which  they  are  associated  Hence,  when 
the  vapor  of  a  metallic  compound  is  rendered  luminous,  the  light 
emitted  is  so  exclusively  that  of  the  metallic  atoms,  dissociated 
by  the  heat,  that  when  examined  with  the  spectroscope  the  spec- 
trum of  the  metal  is  alone  seen ;  and  this  is  the  probable  expla- 
nation of  the  fact  that  the  salts  of  the  same  metal,  when  treated 
as  will  be  described  in  the  next  paragraph,  all  show,  as  a  general 
rule,  the  same  spectrum  as  the  metal  itself. 

Lastly.  The  substance  on  which  we  wish  to  experiment  may 
be  rendered  luminous  in  several  ways.  If  the  substance  is  a 
volatile  metallic  salt,  the  simplest  method  is  to  expose  a  bead 
of  the  substance  (supported  on  a  loop  of  platinum  wire)  to  the 
flame  of  a  Bunsen  burner  (Fig.  8),  which  by  itself  bums  with 
a  nearly  non-luminous  flame.  The  flame  soon  becomes  filled 
with  the  dissociated  atoms  of  the  metal,  and  shines  with  their 
peculiar  light. 

In  order  to  study  the  spectra  of  the  less  volatile  metals,  like 
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aluminum,  iron,  or  nickel,  we  nse  two  needles  of  the  metal,  and 
pass  between  the  points,  when  about  one  fourth  of  an  inch  apart, 
the  electric  dischaiges  of  a  powerful  Buhmkorff  coil,  condensed 
by  a  laige  Leyden  jar.  The  metal  is  volatilized  by  the  heat  of 
the  electric  current,  and  the  space  between  the  points  becomes 
filled  with  the  intensely  ignited  vapor,  which  then  shines  with 
its  characteristic  light.* 

In  a  similar  way  we  can  experiment  on  the  permanent  gases 
and  lighter  vapors,  enclosing  them  in  a  glass  tube  with  platinum 
electrodes,  and  before  sealing  the  tube  reducing  the  tension  with 
an  air-pump,  when  the  discharge  will  pass  through  a  length  of 
several  inches  of  the  attenuated  gas.  The  light  then  emitted 
comes  from  the  atoms  or  molecules  of  the  gas,  and  where  the 
electric  current  is  condensed,  as  in  the  capillary  portion  of  the 
tubes  constructed  for  this  purpose,  the  light  is  sufficiently  intense 
to  be  analyzed  with  the  spectroscope. 

The  three  different  modes  of  experimenting  just  described  do 
not  by  any  means  always  give  the  same  spectrum  when  applied 
to  the  same  chemical  element  It  constantly  happens  that  as 
the  temperature  rises  new  lines  appear,  which  are  usually  those 
corresponding  to  the  more  refrangible  rays,  and  at  the  very  high 
temperatures  generated  by  the  electric  discharge  many  of  the 
spectra  change  their  whole  aspect  The  ill-defined  broad  bands 
or  luminous  spaces  which  are  so  conspicuous  at  a  low  tempera- 
ture (see  Fig.  7)  disappear,  and  are  replaced  by  a  greater  or 
less  number  of  definite  spectrum  lines.  Generally,  however,  the 
characteristic  lines  which  mark  the  element  at  the  lower  temper- 
ature are  seen  also  at  the  higher ;  but  sometimes  there  is  a  sud- 
den and  complete  change  of  the  whole  spectrum.  The  cause  of 
these  differences  is  not  fully  understood,  but  it  has  been  thought 
by  some  investigators  that  the  normal  spectra  of  the  elementary 
atoms  consist  of  bright  bands  alone,  and  that  the  more  or  lees 
continuous  spectra,  which  are  also  seen  at  the  lower  temperatures, 
are  to  be  referred  to  the  imperfect  dissociation  of  the  atoms, 
whose  mutual  attractions  or  partial  combinations  produce  a  state 

*  An  electric  spark  is  in  every  case  merely  a  line  of  material  particles  rendered 
luminous  by  the  cuzrent 
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of  aggregation  approaching  the  condition  which  determines  the 
continuous  spectra  of  liquid  or  solid  bodies.  Indeed,  there  is 
reason  to  believe  that  the  remarkable  transformations  which  have 
been  observed  in  the  spectra  of  some  of  the  metals,  when  their 
vapors  have  been  rendered  luminous  by  the  discharge  of  a  very 
powerful  induction  coil,  are  in  fact  indications  of  the  disso- 
ciation of  what  we  have  hitherto  regarded  as  elementary  sub- 
stances. 

82.  Delicaoy  of  thm  Method.  —  Having  now  stated  the  general 
principles  of  spectrum  analysis,  and  the  conditions  under  which 
these  principles  may  be  applied,  it  need  only  be  added  that  the 
method  is  one  of  extreme  delicacy.  It  enables  us  to  detect  won- 
derfully minute  quantities  of  many  of  the  metallic  elements,  and 
has  already  led  to  the  discovery  of  four  elements  of  this  class 
wliich  had  eluded  all  methods  of  investigation  previously  em- 
ployed. The  names  of  these  elements,  rubidium,  csesium, 
thallium,  and  indium,  all  refer  to  the  color  of  their  most  char- 
acteristic spectrum  bands.* 

83.  Solar  and  BtttUar  Cbemiitry.  —  When  a  beam  of  sunlight 
is  examined  with  a  powerful  spectroscope,  the  solar  spectrum  is 
seen  to  be  crossed  by  an  almost  countless  number  of  dark  lines, 
distributed  with  no  apparent  regularity,  and  differing  ve^  greatly 
in  relative  strength  or  intensity.  These  lines  were  first  accu- 
rately described  by  the  German  optician,  Fraunhofer,  and  have 
since  been  known  as  the  Fraunhofer  lines.  A  few  of  the  most 
prominent  of  these  lines  are  shown  in  Fig.  7,  with  the  letters 
of  the  alphabet  by  which  they  are  designated.  These  lines,  like 
the  bright  lines  of  the  elements,  correspond  in  every  case  to  a 
definite  degree  of  refrangibility,  and  therefore  have  fixed  posi- 
tions on  the  scale  of  the  spectroscope.  Moreover,  what  is  very 
remarkable,  these  positions  are  in  several  cases  absolutely  the 
same  as  those  of  certain  well-known  bright  linea 

It  is  easy  to  construct  the  spectroscope  so  that  the  upper  and 
lower  halves  of  the  slit  may  be  illuminated  from  different  sources. 
If  then  we  admit  a  beam  of  sunlight  through  one  half,  and  the 

*  The  different  bands  of  the  same  element  are  naually  distingiuahed  by  Greek 
letters,  foUowing  the  order  of  relative  brilliancy. 
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Ught  of  a  Bodium  flame  through  the  other  half,  we  shall  have  the 
two  spectra  superimposed  in  the  same  field,  as  in  Fig.  9,  and  it 
will  be  Been  that  the  two  parts  of  the  sodium  band,  which  ap- 
pears as  a  double  line  under  a  high  power,  coincide  absolutely 
in  position  with  the  double  dark  line  D  in  the  solar  spectrum. 
But  a  still  more  striking  coincidence  has  been  observed  in  the 
case  of  iron,  for  the  eighty  well-marked  bright  lines  in  the  spec- 
trum of  this  metal  correspond  absolutely,  both  in  position  and 
iu  strength,  with  eighty  of  the  dark  lines  of  the  solar  spectrum. 
Now  the  chances  that  such  coincidences  are  the  result  of  acci- 
dent are  not  one  in  one  billion  billion ;  and  we  are  therefore 
compelled  to  believe  that  the  two  phenomena  must  be  connected. 
A  simple  experiment  shows  what  the  relation  probably  is. 
nra 


If  we  place  before  the  spectroscope  a  sodium  flame,  we  see,  of 
course,  the  familiar  douUe  lin&  If  now  we  place  behind  the 
sodium  flame  a  candle  flame,  so  that  the  candle  also  shines  into 
the  slit,  but  only  through  the  sodium  flame,  we  shall  see  the 
same  bright  lines  projected  upon  the  continuous  spectrum  of 
the  candle.  If,  however,  we  put  in  place  of  the  candle  an  elec- 
tric light,  we  shall  find  that,  while  the  continuous  spectrum  is 
now  far  more  brilliant  than  before,  the  sodium  lines  appear 
black.  The  explanation  of  this  singular  phenomenon  is  to  be 
found  in  a  principle,  now  well  established  both  theoretically 
and  experimentally,  that  a  mass  of  luminous  vapor,  while  other- 
wise transparent,  powerfully  absorbs  rays  of  the  same  refrangi- 
bility  as  those  which  it  emits  itself.  Hence,  in  our  experiment, 
the  very  small  portion  of  the  spectrum  covered  by  the  sodiom 
line  is  illuminated  by  the  sodium  flame  alone,  while  all  the  rest 
of  the  spectrum  is  illuminated  from  the  source  behind,  and  the 
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effect  is  merely  one  of  contrast,  the  sodium  lines  appearing 
light  or  dark  according  as  they  are  brighter  or  darker  than  the 
contiguous  portions  of  the  spectrum. 

In  a  similar  way  the  bright  lines  of  a  few  other  elements  have 
been  inverted,  and  these  experiments  would  lead  us  to  infer  that 
the  Fraunhofer  lines  themselves  are  formed  by  a  brilliant  photo- 
sphere shining  through  a  mass  of  less  luminous  gas.  In  other 
words,  it  would  appear  that  the  sun's  luminous  orb  is  surrounded 
by  an  immense  atmosphere  which  intercepts  a  portion  of  his 
rays,  and  that  we  see  as  dark  lines  what  would  appear  as  bright 
bands  could  we  examine  the  light  from  the  atmosphere  alone. 
This  can  readily  be  done  when  the  sun's  luminous  disk  is  cov- 
ered by  the  moon  at  the  time  of  a  total  eclipse,  and  then  bright 
bands  corresponding  to  the  more  prominent  dark  lines  have 
been  seen  with  great  distinctness. 

The  dark  lines  of  the  solar  spectrum  have  been  most  carefully 
mapped  and  compared  with  the  spectra  of  the  known  elements, 
and  all  the  resources  of  photography  have  been  used  to  facilitate 
and  insure  acciiracy  in  the  comparison;  and  it  appears,  not 
only  that  the  lines  of  many  of  our  supposed  terrestrial  elements 
are  not  found  in  the  solar  spectrum,  but  also  that  there  are  a  large 
number  of  solar  lines  which,  so  far  as  we  know,  do  not  corre- 
spond to  any  of  the  known  elementa  Still,  as  new  elements  are 
not  unfrequently  found  on  the  earth,  we  should  not  be  surprised 
to  find  many  new  forms  of  elementary  matter  at  the  centre  of 
the  solar  system,  and,  on  the  other  hand,  it  is  possible  that  some 
of  our  elementary  substances  may  be  dissociated  at  the  high 
temperature  of  the  sun.  Indeed,  a  part  of  the  complexity  we  see 
in  the  solar  spectrum  may  arise  from  the  formation  of  what  we 
call  elementary  substances  at  one  point  of  the  sun's  atmosphere, 
and  their  decomposition  at  another  where  the  heat  is  more  intense. 
It  should  be  remembered  in  this  connection  that  the  meteorites 
have  brought  to  us  no  new  elements,  and  their  evidence  there- 
fore, as  far  as  it  goes,  points  to  the  conclusion  that  the  material 
of  the  sun  would  not  differ  essentially  from  that  of  the  earth 
under  the  same  conditions  of  temperature. 

It  thus  appears  that  the  dark  and  the  bright  lines  are  the  same 
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phenomena  seen  under  a  dijBerent  aspect/  and  the  one  as  well  as 
the  other  may  be  used  to  identify  the  different  chemical  ele- 
ments. Hence,  then,  there  must  be  both  iron  and  sodium  in 
the  sun's  atmosphere,  and  for  the  same  reason  we  conclude  that 
our  luminary  must  contain  hydrogen,  calcium,  magnesium,  nickel, 
chromium,  barium,  copper,  and  zinc 

If  next  we  turn  the  spectroscope  on  some  of  the  brighter 
fixed  stars,  we  see  continuous  spectra  like  the  solar  spectrum, 
of  greater  or  less  extent,  and  covered  by  dark  lines.  A  careful 
comparison  of  these  lines  would  seem  to  indicate  that  the  stars 
differ  very  greatly  from  eajoh  other,  although  in  general  they  are 
bodies  similar  to  our  sun ;  and  if  our  theory  is  correct,  we  htfve 
been  able  to  detect  the  presence  of  sodium,  magnesium,  hydro- 
gen, calcium,  iron,  bismuth,  tellurium,  antimony,  and  mercury 
in  Aldebaran,  and  other  elements  in  other  stars. 

The  most  remarkable  result  of  stellar  chemistry  remains  yet  to 
be  noticed.  On  examining  the  nebulse  with  the  spectroscope,  it 
has  been  found  that,  while  some  of  them  show  a  continuous 
spectrum,  there  are  a  number  of  these  remarkable  bodies  which 
exhibit  the  phenomena  of  bright  lines.  This  would  lead  us  to 
the  conclusion  that  the  last  are  really,  as  the  nebular  theory  as- 
sumes, masses  of  incandescent  gas,  while  the  first  are  not  true 
nebulse,  but  simply  clusters  of  very  distant  stars.  An  examina- 
tion of  the  comets  has  confirmed  the  previous  conclusion  that 
they  also  are  mere  masses  of  gas,  but,  singularly  enough,  the 
light  from  the  coma  of  one  of  those  bodies  gave  a  continuous 
spectrum,  due  probably  to  reflected  sunlight. 

84  Absorption  Spaotra.  —  When  a  luminous  flame  is  viewed 
with  a  spectroscope  through  solutions  of  various  different  sub- 
stances, the  otherwise  continuous  spectrum  of  the  flame  is  seen 
to  be  interrupted  by  broad  bands,  which  have  a  definite  position, 
and  are  often  a  valuable  means  of  recognizing  the  presence  of 
such  substances.  This  absorption  spectrum,  as  it  is  called,  is 
simply  the  reverse,  the  ''  negative,*'  of  the  luminous  spectrum  of 
the  same  element 

For  example,  the  salts  of  Didymium  give  a  very  charac- 
teristic and  well-defined  absorption  spectrum,  which  is  in  fact 
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the  only  sure  test  we  possess  for  this  remarkable  elementary 
substance;  and  as  the  bands  may  under  some  conditions  be 
seen  with  reflected^  as  well  as  with  transmitted  light,  we  may 
apply  the  test  even  to  opaque  solids.  Also,  the  same  absorption 
bands  are  obtained  either  when  the  light  is  transmitted  through 
a  liquid  solution,  or  through  a  solid  crystal  of  any  salt  of  the 
metal;  and,  moreover,  the  incandescent  vapor  of  the  metal 
shows  bright  bands  corresponding  to  the  dark  bands  in  position. 
These  facts  would  seem  to  show  that  the  characteristic  spectrum 
bands  of  an  element  may  be,  at  least  to  some  extent,  independent 
both  of  the  state  of  aggregation,  and  of  the  condition  of  combi- 
nation of  the  elementary  atoms. 

Many  substances  besides  the  compounds  of  the  element  just 
noticed  give  characteristic  absorption  spectra,  which  have  been 
found  to  be  useful  chemical  tests,  especially  in  the  case  of  blood, 
and  certain  other  bodies  of  organic  origin.  The  most  remarkable 
phenomena  of  this  class  are  the  absorption  spectra  which  are 
seen  when  a  luminous  flame  is  viewed  with  a  spectroscope 
through  various  colored  vapors,  such  as  those  of  nitric  peroxide, 
bromine,  and  iodine.  The  dark  bands  are  then  very  numerous, 
and  in  some  cases  may  be  resolved  into  well-defined  linea  In- 
deed, the  absorption  bands  are  a  class  of  phenomena  closely  allied 
to  the  Fraunhofer  lines,  many  of  which  are  known  to  result  from 
the  absorption  by  the  earth's  atmosphere  of  solar  rays  of  certain 
d^rees  of  refrangibility ;  and  all  these  facts,  with  many  others, 
prove  that  gases  and  vapors  may  exert  their  peculiar  power  of 
elective  absorption  at  the  ordinary  temperature,  as  well  as  when 
incandescent  As  a  general  rule,  however,  the  absorption  bands 
are  not,  like  the  bright  lines  of  the  metallic  spectra  or  their  rep- 
resentatives among  the  dark  lines  of  the  solar  spectrum,  definite 
images  of  the  slit,  but  they  are  darker  portions  of  the  spectrum 
more  or  less  regularly  shaded,  and  correspond  to  the  broad  bands 
or  luminous  spaces  in  the  spectra  of  the  metallic  vapors  when 
not  intensely  heated.  In  each  case  the  effect  results  from  the 
blending  of  a  greater  or  less  number  of  images  of  the  slit,  differ- 
ing in  relative  position  and  intensity. 

85.   Theory  of  fhrohangea.  —  The  fietcts  of  the  last  two  sections 
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are  all  illustrations  of  a  general  principle  already  referred  to  in 
connection  with  the  reversal  of  the  sodium  spectrum.  This  prin- 
ciple is  known  as  the  "  Theory  of  Exchanges,"  and  has  been  stated 
as  follows :  ''  The  relation  between  the  power  of  emission  and 
power  of  absorption  for  each  kind  of  rays  (light  or  heat)  is  the 
same  for  aU  bodies  at  the  same  temperature.  ....  Let  B  denote 
the  intensity  of  radiation  of  a  particle  for  a  given  description  of 
light  at  a  given  temperature,  and  let  A  denote  the  proportion 
of  rays  of  this  description  incident  on  the  particle  which  it  ab- 
sorbs ;  then  B  -r- A  has  the  same  value  for  all  bodies  at  the  same 
temperature,  that  is  to  say,  this  quotient  is  a  function  of  the 
temperature  only." 

The  law  of  exchanges  finds  its  widest  application  in  the  phe- 
nomena of  radiant  heat,  and  so  far  as  experiments  have  been 
made,  it  appears  to  be  true  in  its  greatest  generality.  In  apply- 
ing it  to  explain  the  reversal  of  the  spectra  of  colored  flames,  we 
have  only  to  deal  with  a  single  body  in  its  relations  to  rays  of 
different  qualities.  If  the  principle  is  true,  the  absorbing  power 
of  such  a  body  at  a  given  temperature  must  bear  a  fixed  ratio 
to  its  power  of  emission  for  each  kind  of  ray.  If,  for  example, 
it  has  a  great  power  of  emitting  certain  rays  of  red  light,  it  has 
a  proportionally  great  power  of  absorbing  the  same  rays.  If, 
again,  it  has  a  feeble  power  of  emitting  violet  rays  of  definite 
quality,  its  power  of  absorbing  such  rays  is  proportionally  feeble, 
and  bears  the  same  ratio  to  the  power  of  emission  as  before ; 
and,  lastly,  it  has  no  power  of  absorption  over  such  rays  as  it 
does  not  itself  emit  Moreover,  it  would  follow  that,  although 
the  relation  of  the  absorbing  to  the  radiating  power  might  vary 
very  greatly,  so  that,  as  the  temperature  falls,  tlie  last  may  be- 
come inconsiderable  as  compared  with  the  first,  or  even  vanish, 
no  essential  change  in  the  character  of  the  elective  absorption 
would  be  thus  induced.  Hence,  we  should  expect  that  bodies 
would  absorb  when  cold  rays  of  the  same  quality  which  they 
emit  when  hot,  and  also  that  opaque  solids  when  heated  would 
emit  white  light.  We  have  seen  that  the  general  order  of  the 
phenomena  is  that  which  the  law  of  exchanges  would  predict, 
and  here,  for  the  present,  our  knowledge  stops.    We  have  as  yet 
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been  able  to  fonn  no  satisfactory  theory  in  regard  to  the  re- 
lations of  the  molecular  structure  of  bodies  to  the  medium 
through  which  the  waves  of  light  or  heat  are  transmitted.  It 
is,  however,  worthy  of  notice  that  Euler,  one  of  the  earliest 
and  ablest  investigators  of  undulatory  motion,  predicted  the 
discovery  of  the  law  of  exchanges,  in  assuming,  as  a  funda- 
mental principle  of  the  undulatory  theory,  that  a  body  can 
only  absorb  oscillations  isochronous  with  those  of  which  it  is 
itself  susceptible. 

86.  General  Conduslone.  —  The  facts  that  have  been  stated 
in  this  chapter  are  sufficient  to  show  that,  although  yet  in  its 
infancy,  spectrum  analysis  promises  to  be  one  of  the  most 
powerful  instruments  of  investigation  ever  applied  in  physical 
science.  It  seems  to  be  the  key  which  will  in  time  open  to 
our  view  the  molecular  structure  of  matter;  and  even  now 
the  results  actually  obtained  suggest  speculations  of  the  most 
interesting  character  in  regard  to  its  ultimate  constitution. 
The  several  monochromatic  rays  which  the  atoms  of  the  ele- 
ments emit  must  receive  their  peculiar  character  from  some 
motion  in  the  atoms  themselves  which  is  isochronous  with  the 
motion  they  impart  Is  it  not  then  in  this  motion  that  the 
individtuUity  of  the  element  resides,  and  may  not  all  matter 
be  alike  in  its  ultimate  essence?  Such  speculations,  however 
wild,  are  not  wholly  unprofitable,  if  only  they  stimulate  inves- 
tigation, and  thus  lead  to  further  discoveries. 

87.  Index  of  Refraotioni  and  Speoiflo  Refracting  Power. — The 
velocity  of  light,  given  in  §  78  as  186,380  miles,  or  299,940  kilo- 
metres per  second,  is  the  velocity  in  vacuo.  The  velocity  as 
recently  measured  in  air  by  Michelson  is  slightly  less  than  this, 
—  299,864  kilometres  per  second,  —  and  in  general  the  velocity 
changes  when  the  light  passes  from  one  medium  into  another, 
or  from  one  portion  to  another  of  a  medium  which  varies  in 
density.  When  light  passes  from  the  air  into  a  comparatively 
very  dense  medium,  like  water  or  glass,  there  is  a  great  diminu- 
tion of  the  velocity,  and  the  ratio  of  the  velocity  in  air,  or  more 
properly  in  vacw>^  to  the  velocity  in  the  medium  is  called  the 
index  of  refraction  of  the  mediam.    The  index  of  refraction 
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for  yeUow  light  of  a  few  well-known  transparent  media  ia  as 
follows :  — 

Air,        1.0003  Muor-Spar,    1.436  Sulphide  of  Carbon,  1.678 

Water,     1.336  OUve  Oil,      1.470  Ruby,  1.779 

Alcohol,  1.372  Crown  Glass,  1.534  Phosphorus,  2.224 

Ether,     1.358  Flint  Glass,   1.570  Diamond,  2.500 

And  the  velocity  of  light  in  these  media  is  easily  found  by 
dividing  the  velocity  in  vacuo  given  above  by  the  index  of 
refraction.  When  a  ray  of  light  passes  bom  the  air  into  a 
denser  medium,  like  water  or  glass,  which  is  bounded  by  a  defi- 
nite surface,  it  undeigoes  at  this  surface  a  sharp  change  of  direc- 
tion; and  if,  as  usual,  we  call  the  angle  made  by  the  incident 
ray  with  a  perpendicular  or  normal  to  the  surface  (at  the  point 
of  contact)  the  angle  of  incidence,  and  the  angle  made  by  the 
refracted  ray  with  the  same  normal  (produced)  the  angle  of 
refraction,  we  readily  deduce  another  value  for  the  index  of  re- 
fraction ;  and  it  is  usually  defined  as  the  sine  of  the  angle  of 
incidence  divided  by  the  sine  of  the  angle  of  refraction.  More- 
over, according  to  the  well-known  law  of  refiraction,  not  only  is 
this  ratio  constant  for  any  incidence,  but  also  the  incident  ray, 
the  refracted  ray,  and  the  normal  all  lie  in  the  same  plana    We 

thus  have 

V      BinJ 

an  expression  in  which  fi  stands  for  the  index  of  refraction,  V 
and  V  for  the  velocities  of  light  in  the  two  media,  and  /  and  B 
for  the  angles  of  incidence  and  refraction,  as  described  abova 

Furthermore,  when  a  ray  of  light  passes  through  a  prism  in  a 
plane  at  right  angles  to  the  edge  formed  by  the  intersection  of 
the  refracting  faces  (the  refracting  edge  of  the  prism,  as  it  is 
called),  and  in  such  a  direction  that  the  angles  made  by  the  inci- 
dent and  emerging  rays  with  the  normals  to  the  refracting  faces 
are  equal,  then  these  rays  subtend  the  smallest  possible  angle 
(for  that  prism),  and  this  angle  is  called  the  angle  of  mini- 
mum deviation.  If  now  we  represent  by  A  the  angle  between 
the  refracting  faces  (called  the  refracting  angle  of  the  prism). 
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by  D  the  angle  of  minimum  deviation,  and  by  /t  the  index  of 
refraction,  as  before,  the  following  simple  relation  obtains  be- 
tween these  quantities :  — 

Bini(^+D) 

u  :=  *  • 

And  since  the  refracting  angle  of  the  prism,  as  well  as  the  angle 
of  minimum  deviation  for  any  one  of  the  rays  of  the  spectrum, 
is  easily  measured,  this  formula  gives  us  the  means  of  deter- 
mining the  index  of  refraction  of  transparent  substances.  We 
either  make  a  small  prism  of  the  material  itself,  or,  if  it  is  not  a 
solid,  we  enclose  the  fluid  in  a  prismatic  cell  of  glass,  the  faces 
of  which  have  been  carefully  ground  and  poUshed 

For  the  ether  of  space  the  value  of  the  index  of  refraction  is  of 
course  unity,  and  for  any  other  medium  the  excess  of  the  index 
over  tmity  represents  what  we  may  call  the  refracting  power  of 
that  medium.  Now,  since  this  refracting  power  increases  directly 
with  the  density  of  the  medium,  independently  of  those  specific 
characters  which  depend  on  its  chemical  composition,  it  is  obvi- 
ous that,  if  we  divide  the  refracting  power  by  the  density  (8),  we 
shall  obtain  a  value  from  which  the  effect  of  density  is  as  it 

were  eliminated,  and  this  quotient,  ^  7"  ,  we  call  the  specific 

o 

refracting  power  of  a  substance ;  and  if  we  multiply  by  the  mo- 
lecular weight  of  the  substance,  we  have  in  My!^ — )  the  spe- 
cific refracting  power  of  the  molecule,  or,  as  it  has  been  called, 
the  refractive  equivalent  of  the  substance. 

A  comparison  of  the  specific  refracting  powers  of  substances 
whose  composition  and  molecular  weights  have  been  well  deter- 
mined shows  that  under  similar  circumstances  a  constant  differ- 
ence in  the  composition  of  the  molecule  corresponds  to  a  constant 
difference  in  the  specific  refractive  power.    For  example :  — 

Differing  in  Campotitian  by  Cj. 

M  (fi=?)  Diff. 

Methyl  Alcohol,      CHfi  1 3. 1 7 

Aldehyde,  CJS^O  18.58  5.41 
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Differing  in  Can^posUion  by  H|. 

M{tzl)  Diff. 

Aldehyde,  Cfff^O  18.58 

Ethyl  Alcohol,        C^^O  20.70  2.12 

Differing  in  ComposUion  by  0^. 

Aldehyde,  C^H^O,  18.58 

Acetic  Acid,  C^H^O^  21.11  2.53 

The  differences  show  the  specific  refractive  power  of  one  atom 
of  carbon,  one  atom  of  oxygen,  and  two  atoms  of  hydrogen ;  and 
the  following  values  are,  in  each  case,  the  mean  of  a  veiy  large 
number  of  compeurisons  similar  to  those  just  given. 


r. 

TA 

c. 

6.0 

4.86 

H, 

1.3 

1.29 

0, 

3.0 

2.90 

Of  course,  these  values  are  based  on  the  determination  of  the 
index  of  refraction  of  each  of  the  substances  thus  compared. 
The  observations  of  density  and  of  the  index  of  refraction  must 
be  reduced  to  standard  conditions,  which  may  be  arbitrarily  se- 
lected, but  in  consequence  of  the  very  unequal  and  irregular 
dispersive  power  of  the  different  substances,  it  is  by  no  means 
a  matter  of  indifference  which  of  the  lines  of  the  spectrum  is 
selected  for  the  index  of  refraction.  The  correct  way  is  to  meas- 
ure the  index  of  re&action  for  at  least  four  of  the  lines  of  the 
spectrum,  which  shoiQd  be  as  widely  distributed  as  possible,  and 
the  three  hydrogen  lines,  together  with  the  sodium  line  D,  are 
well  adapted  to  this  purpose.  Then,  by  a  method  devised  by 
the  French  mathematician  Cauchy,  we  can  calculate  the  index 
of  refraction  corresponding  to  a  wave  of  light  of  indefinite  length, 
and  theoretically  this  is  the  value  which  ought  to  be  used  in 
our  calculationa  The  values  in  the  column  headed  r^  above 
were  obtained  in  this  way,  but  the  results  are  nearly  as  satis- 
factory when  deduced  from  indices  observed  with  the  red  light 
of  the  hydrogen  spectrum. 

The  generalization  of  Landolt^  which  we  have  attempted  to 
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explain  in  tins  section,  may  now  be  expressed  in  the  following 
brief  form :  The  specific  refractive  power  of  a  molecule  is  the  mm 
of  the  refractive  powers  of  its  aUmis.  The  table  given  below 
shows  how  closely  this  generalization  has  been  confirmed.  The 
valnes  of  the  molecular  refractive  power  (Ba)  calculated  from 
the  atomic  composition  by  simply  adding  together  the  refrac- 
tive powers  of  the  several  atoms  (r„)  are  here  brought  into 
comparison  with  the  values  deduced  from  direct  observations  of 
the  densities  and  indices  of  refraction  of  the  several  compounds 

by  means  of  the  formula  M\J^-^ — ).  We  can  give  only  a  few 
of  the  very  large  number  of  results  that  have  been  collected. 

m(^)        Ba  Difl: 

Propyl  Alcohol,  C^^O  28.6  28.4  +  0.2 

Propyl  Aldehyde,  C^^O  26.0  26.8  +0.2 

Propyl-ethyl  Ether,  (7,ir„0  43.8  43.6  +0.2 

Propyl  Acetate,  C^/Ti^O,  44.0  44.0                0.0 

Propyl  Chloride,  C^jOl  34.1  33.9  +0.2 

Isobutyric  Acid,  C^ff^^i  36.3  36.4  —0.1 

Hexan,  C^/Tj^  48.6  48.2  +  0.4 

Triethylamine,  Cei^-flT  56.3  66.3                0.0 

More  recently  it  has  been  shown  by  Brtihl  that  the  atomic 
refractive  power,  although  constant  for  all  univalent  atoms  of 
the  same  kind,  varies  slightly  for  multivalent  atoms,  according 
to  their  relations  to  the  molecular  structure ;  but  the  student 
must  refer  to  the  original  papers  for  a  further  discussion  of  the 
subject. 
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CHAPTER  XV. 


ELECTRICAL  RELATIONS  OF  THE  ATOMS. 


fig.  10. 


88.  General  PrinotplM.  —  If  in  a  vessel  of  dilute  sulphuric 
acid  (one  part  of  acid  to  twenty  of  water)  we  suspend  a  plate  of 
zinc  and  a  plate  of  platinum,  opposite  to  each  other,  and  not  in 

contact,  we  find  that  no  chemical  action  what- 
ever takes  place,  provided  the  zinc  and  the  acid 
are  perfectly  pure.  As  soon,  however,  as  the  two 
plates  are  united  by  a  copper  wire,  as  represented 
in  Fig.  10,  chemical  action  immediately  ensues^ 
and  the  following  phenomena  may  be  observed. 
First,  bubbles  of  hydrogen  gas  are  evolved  from 
the  surface  of  the  platinum  plate.  Secondly, 
the  zinc  plate  slowly  dissolves,  the  zinc  combining  with  the 
radical  of  the  acid  to  form  zincic  sulphate,  which  is  soluble  in 
water.  Lastly,  a  peculiar  mode  of  atomic  motion  called  elec- 
tricity is  transmitted  through  the  copper  wire,  as  may  be  made 
evident  by  appropriate  means.  If  the  connection  between  the 
plates  is  broken  by  dividing  the  conducting  wire,  the  chemical 
action  instantly  stops,  and  the  current  of  electricity  ceases  to 
flow;  but  as  soon  as  the  connection  is  renewed,  these  phe- 
nomena again  appear. 

Similar  effects  may  be  produced  by  other  combinations  than 
the  one  just  mentioned,  provided  only  certain  conditions  are 
realized.  In  the  first  place,  the  two  plates  must  consist  of 
materials  which  are  unequally  affected  by  the  liquid  contained 
in  the  vessel,  or  cell;  and  the  greater  the  difference  in  this 
respect,  within  manageable  limits,  the  better.  In  the  second 
place,  the  materials,  both  of  plates  and  connector,  must  be  con- 
ductors of  electricity ;  and,  lastly,  the  liquid  must  contain  some 
substance  for  one  of  whose  radicals  the  material  of  one  of  the 
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plates  has  sufficient  affinity  to  determine  its  decomposition  under 
the  conditions  present  Such  a  combination  is  called  a  Voltaic 
Cell,  The  mode  of  action  of  this  apparatus^  which  since  its  first 
discovery  has  been  a  subject  of  controversy,  is  very  obscure,  but 
the  following  theory  gives  an  intelligible  explanation  of  the  gen- 
eral phenomena,  and  may  serve  a  useful  purpose  until  greater 
certainty  can  be  attained. 

89.  Polarity. —  The  phenomena  of  magnetism  have  made  us 
familiar  with  a  condition  of  matter  we  call  polarity,  in  which 
bodies  manifest  a^  mode  of  energy  known  as  polar  force.  The 
characteristics  of  polar  force  are  as  follows : — 

1.  The  energy  is  chiefly  coTtcenircUed  at  opposite  points  of  the 
polarized  body,  called  its  poles,  2.  The  poles  differ  in  kind  in  so 
far  that,  while  unlike  poles  attract,  like  poles  repel  eccch  other,  and 
while  unlike  poles  heutralize,  like  poles  enJiance  each  the  other^s 
effect.  3.  With  every  pole  is  always  associated  its  opposite,  either 
on  the  same  or  a  neighioring  body,  and  in  every  polar  system  the 
sum  ^  of  the  polar  energies  of  one  kind  is  exactly  equal  to  that  of 
those  of  the  opposite  hind,  4.  A  polarized  body  indioces  a  similar 
state  in  all  neighboring  bodies  susceptible  of  this  condition,  a  pole 
of  a  given  kind  determining  nearest  to  itself  a  pole  of  the  opposite 
kind,  5,  Induction  is  altended  with  no  loss  of  energy  in  the  in- 
da^ng  body,  imose  condition  is  frequenlly  exalted  by  the  reaction 
of  the  induced  polarity,  6rTdTariiy  appears  of  different  kinds  as 
weir  as  in  different  degrees  ;  the  phenomena  of  mctgnetic,  electrical, 
and  chemical  polarity,  though  similar  in  their  general  features, 
differing  widely  in  their  modes  of  manifestation,  7.  Svhstances 
differ  from  each  other,  not  only  in  their  susceptibility  to  polarity  of 
any  given  kind,  but  also  in  their  power  of  retaining  it.'f 

The  study  of  this  class  of  phenomena  has  shown  that  the 

*  There  may  be  several  poles  on  the  same  mass  of  matter,  and  the  polarity  may 
be  very  irregularly  distributed.  Such  is  frequently  the  condition  of  the  lodestone 
or  of  a  steel  bar  irregularly  magnetized. 

t  For  example,  the  metals J^on,  njckel,  and  cobalt,  with  a  few  of  their  com- 
pounds, are  the  only  substances  susceptible  of  magnetic  polarity  to  a  high  degree. 
Again,  a  hardened  steel  bar  retains  the  polar  condition  more  or  less  permanently, 
as  in  the  common  magnet,  but  soft  iron  loses  its  magnetic  yirtue  the  moment  the 
inducing  cause  ceases  to  act. 
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energy  manifested  by  polaiized  bodies  is  always  the  effect  of  an 
attraction  or  repulsion  between  poles,  and  that^  whenever  they 
appear  to  act  on  a  neutral  body,  the  last  is  always  first  polarized 
by  induction.  Thus  the  nails  attracted  by  a  magnet  or  the 
straws  attracted  by  an  electrified  stick  of  sealing-wax  are  all  in 
a  polar  condition.  A  horseshoe  magnet,  with  its  keeper  attached, 
affords  a  familiar  illustration  of  these  principles,  which  will  aid 
us  in  explaining  the  more  obscure  phenomena  of  the  Voltaic  cell. 
The  horseshoe  magnet  was  originally  polarized  by  induction,  and 
since  it  is  made  of  hardened  steel  retains  its  magnetism.  The 
soft-iron  keeper  while  in  contact  with  the  magnet  is  as  truly 
polarized  as  the  steeL  It  has  a  north  pole  in  contact  with  the 
south  pole,  and  a  south  pole  in  contact  with  the  north  pole  of  the 
magnet.  But  the  moment  it  is  withdrawn,  all  its  polarity  disap- 
pears. Again,  while  the  magnetic  circuit,  as  we  call  it,  is  closed, 
the  keeper,  by  reacting  on  the  source  of  power,  greatly  enhances 
the  energy  of  the  magnet,  which  will  lift  a  much  greater  weight 
suspended  from  the  keeper  than  it  can  when  the  two  poles  act 
separately.    Lastly,  if  we  break  a  steel  magnet,  each  of  the  parts 

wg.iL  will  be  found  to  be  magnet- 

!^  ized  with  poles  relatively  sit- 
uated as  is  shown  in  Fig.  11 ; 
and  since  this  relation  of  parts 
is  preserved,  however  far  we  may  carry  the  subdivision,  we  are 
led  to  the  conclusion  that  the  polarity  is  a  quality  inherent,  not 
in  the  bar  as  a  whole,  but  Fig.  is. 

in  the  molecules  of  which 
it  consists,  and  picture  to        _  ^ 

ourselves  as  the  condition       CCCCCCOOCCC) 

of  a  magnetized  bar  that 

which  is  rudely  represented  in  Kg.  12. 

90.  Theory  of  Chemical  Polarity.  —  As  the  molecules  of  iron 
may  be  magnetically  polarized,  we  infer  that  the  molecules  of  all 
substances  are  susceptible  of  different  polar  states,  and  we  con- 
ceive that  chenusm*  is  a  manifestation  of  a  molecular  condition, 

*  This  term  is  synoujmoQB  with  the  old  teim  ehemieal  t^finUy,  to  which  it  is 
on  many  accounts  to  be  preferred. 
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which  we  may  distinguish  as  chemical  pdaritj.  It  must  be  re- 
membered, however,  that  we  do  not  understand  the  cause  of  the 
differences  in  the  various  modes  of  polar  energy ;  and  in  saying 
that  the  molecules  of  matter  may  be  chemically  polarized,  we 
mean  merely  that  they  are  susceptible  of  a  condition  whose 
general  features  have  been  indicated  above.  Our  theory  further 
assumes  that,  while  with  some  molecules  the  polarity  is  inherent, 
and  therefore  permanent,  with  others  it  can  only  be  induced  by 
extraneous  causes.  Molecules  not  normally  polanzed  inay,  how- 
ever, become  pohurized  by  induction  to  as  high  a  degree  as  those 
in  which  polarity  is  inherent,  or  even  a  higher  one,  but  their 
polarity,  like  that  of  an  electromagnet,  is  tratfeient,  var}dng  with 
the  inducing  cause.  Again,  as  every  analogy  would  lead  us 
to  believe,  our  theory  further  assumes  that  different  substances 
are  susceptible  of  chemical  polarity  (whether  it  be  inherent 
or  induced)  to  very  different  degrees,  and  that  the  susceptibility 
varies  under  different  conditions.  Lastly,  our  theory  supposes 
that  the  chemical  activity  of  a  substance  depends  on  the  degree 
of  polarity  inherent  in  its  molecules;  and  it  refers  the  well- 
known  active  qualities  of  aci£  an^  alkalies  to  tKe  fact  that  their 
peculiarconstitution  rendera  their  molecules  strongly  polarized, 
wh3e  t^^^nerT'character  of  most  of  the  elementary  substances 
is  explained  by  the  neutral  condition  which  their  homogeneous 
structures  woiild  naturally  produce  in  their  molecules.  Thus, 
for  example^  we  suppose  that  every  molecule  of  sulphuric  acid, 
H^^SO^,  or  of  hydrochloric  acid,  H-Cl,  or  of  sodic  hydrate,  H-NaO, 
is  naturally  polarized,  while,  on  the  other  hand,  the  molecules  of 
zinc,  Zuy  of  magnesium,  Mg,  of  hydrogen,  H-H,  and  of  oxygen, 
ChOy  are  all  normally  neutral  As  soon,  however,  as  we  place 
zinc  in  contact  with  dilute  sulphuric  acid,  the  metallic  molecules 
become  polarized  by  induction  to  the  degree  of  which  they  are 
susceptible  under  the  influence  of  this  acid.  A  powerful  attrac- 
tion is  thus  developed,  of  which  the  familiar  chemical  reaction  is 
the  result  If  magnesium  is  treated  in  a  similar  way,  the  action 
is  more  energetic,  because,  as  we  suppose,  the  molecules  of  this 
metal  are  susceptible  of  a  higher  degree  of  polarity,  and  the  force 
developed  is  therefore  proportionally  stronger.    On  the  other 
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hand,  with  metallic  copper  there  is  no  action  under  the  same 
conditions,  because  the  molecules  of  the  metal  do  not  acquire  a 
sufficient  degree  of  polarity  to  determine  chemical  change. 

While>  however,  the  molecular  structure  appears  to  be  the 
most  important,  it  is  evidently  by  no  means  the  only  cause  which 
determines  chemical  polarity.  The  highly  active  qualities  of  the 
alkaline  metals  and  of  the  chlorine  group  of  elementary  substances 
indicate  that  their  molecules,  although  apparently  homogeneous 
in  structure,  must  be  permanently  polarized.  Moreover,  the  fact 
that  a  high  degree  of  energy  is  developed  in  many  of  the  ele- 
mentary substances,  as  in  oxygen  gas,  by  a  simple  elevation  of 
temperature,  and  the  generial  principle  that  heat  hastens  chemi- 
cal changes,  seem  to  indicate  that  the  polar  condition  may  be 
frequently  produced  by  this  agent  alona  So  also  the  process  of 
photography  is  most  simply  explained  by  the  tlieory  that  the 
sun's  rays  excite  a  similar  condition  in  the  silver  compounds  on 
the  surface  of  the  sensitive  plate ;  and  the  effect  of  continuous 
electrical  discharges  in  converting  oxygen  gas  into  that  peculiar 
active  modification  of  this  substance  called  ozone  may  be  regarded 
as  a  direct  result  of  their  polarizing  power. 

91.  Theory  of  Blectrldty. — The  study  of  the  phenomena  of 
optics  has  led  physicists  to  the  conclusion  that  there  exists 
throughout  space,  filling  not  only  the  interplanetary  but  also  the 
intermolecular  spaces,  a  highly  attenuated  but  at  the  same  time 
wonderfully  elastic  medium,  which  is  called  the  ether  (§  78). 
Again,  the  phenomena  of  heat  indicate  that  the  molecular  forces 
have  an  energy  which  is  adequate  to  cope  with  this  very  great 
elasticity ;  and  we  can  conceive  that  they  condense  around  these 
molecules  greater  or  less  quantities  of  this  ether,  thus  giving  to 
each  a  distinct  atmosphere,  but  one  which  merges  into  that  uni- 
versally diffused  medium  in  which  molecule  and  planet  alike  float 
Now  our  theory  supposes  that  electrical  phenomena  are  caused 
by  disturbances  in  the  composition  of  these  ethereal  atmospheres. 
The  electrical  ether,*  as  we  assume,  consists  of  two  separable 

*  As  it  is  not  important  for  our  present  purpose  to  inquire  whether  the  elec- 
trical ether  is  identical  or  only  is  mingled  with  the  luminiferous  ether,  this  ques- 
tion is  here  left  in  abeyance. 
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materials^  ^hich,  adopting  names  long  used  in  science^  we  will 
call  positive  and  negative,  or  vitreous  and  resinous  electricities. 
In  all  the  terrestrial  region  of  the  solar  system,  at  least,  these 
electricities  are  blended  in  certain  definite  proportions,  like  the 
constituents  of  the  earth's  atmosphere,  but  by  various  causes  they 
may  become  separated  and  more  or  less  isolated,  either  on  the 
same  or  on  difierent  molecules.  Whenever  this  takes  place,  the 
two  electricities  tend  to  flow  together  until  the  normal  condition 
is  restored,  in  accordance  with  the  law  of  diffusion ;  but  the  force 
of  diffusion  in  these  molecular  atmospheres  is  vastly  greater,  and 
the  process  vastly  more  rapid,  than  it  is  in  the  terrestrial  atmos- 
phere, because  the  elasticity  of  the  ether  so  greatly  exceeds  that 
of  the  air.  This  being  granted,  our  theory  further  supposes  that 
every  process  of  electrical  excitement  causes  a  separation  of  the 
constituents  of  the  ether,  and  that  an  electrified  body  is  one  on 
whose  molecules  one  or  the  other  of  the  two  electricities  is  to  a 
greater  or  less  degree  isolated ;  and  again,  that  the  familiar  phe- 
nomena of  attraction  and  repulsion  between  electrified  bodies  are 
the  effects  of  pressurecaused  by  the  diffusive  force ;  and  lastly,  \>^ 


that  an  electncaicurrent  consists  m  an  actual  transfer  of  the 
ethereal  material  between  the  molecules  of  the  conductor.  We 
have  not  space,  however,  to  follow  out  the  theory  into  its 
mechanical  details,  and  we  must  content  ourselves  with  applying 
it  to  the  explanation  of  the  phenomena  of  the  Voltaic  cell 

92.  Theory  of  the  Voltaic  CeU. — In  studying  chemical  reac- 
tions we  have  thus  far  overlooked  the  molecular  atmospheres ;  but 
it  is  evident  that,  if  the  above  theory  is  correct,  they  must  enter 
as  important  factors  into  every  chemical  change.  This  theory 
assumes  that  the  condition  of  the  atmosphere  is  intimately  con- 
nected with  that  of  the  molecule,  although  in  what  way  it  does 
not  attempt  to  explain.  When  the  molecule  is  polarized,  the 
two  electricities  are  more  or  less  fully  separated  and  isolated 
around  the  molecular  poles;  and  if  the  polarity  is  inherent,  this 
condition  is  permanent  If,  however,  the  polar  state  is  induced, 
the  neutral  condition  is  restored  as  soon  as  the  inducing  force 
ceases  to  act  Let  us  study  now  from  this  new  point  of  view  the 
familiar  reaction  of  sulphuric  acid  on  zinc  referred  to  above. 
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Zn  -h  {If^O^  +  Aq)  =  {ZnSO^  +  Aq)  +  IB-IH. 

The  molecule  H^Oi  is  inherently  polarized,  and  induces  at 
once  a  similar  condition  in  the  normally  neutral  molecule  Zn, 
At  the  poles  of  each  of  these  molecules  we  have  therefore  free 
electricity.  When  now  Zn  replaces  H^  in  H^O^  it  takes  with  it 
into  its  new  combination  only  free  positive  electricity,  leaving 
behind  the  corresponding  negative  electricity  on  the  adjacent 
molecule  of  zinc.  Meanwhile  the  hydrogen  atoms  thus  liberated 
bring  with  them  to  form  the  molecule  H-H  only  positive  elec- 
tricity. We  have  thus  set  free  on  opposite  molecules  at  the 
same  time  equivalent  quantities  of  the  two  electricities,  and,  the 
equilibrium  being  thus  disturbed,  an  interchange  at  once  takes 
place  between  them,  by  which  the  normal  condition  of  their 
atmospheres  is  restored.  In  order  to  make  this  point  clearer, 
we  have  endeavored  to  illustrate  the  reaction  in  the  following 

diagram: — 

HfSO^  Zn  Zn 


Factors 


^   W 


ItH        Zn-SO^  Zn 

Products 


-„.. "'' '' 


i  ■'■  I 


This  diagram,  however,  indicates  very  imperfectly  the  concep- 
tion we  have  formed  of  the  process,  and  there  are  certain  quan- 
titative relations  between  the  parts  which  must  not  be  overlooked, 
although  they  can  be  as  yet  but  very  imperfectly  understood. 
We  should  naturally  infer  that  the  quantity  of  ethereal  atmos- 
phere would  be  determined  in  every  case  by  the  mass  of  the 
molecule,  but  the  quantities  of  free  electricities  separated  from 
this  atmosphere  under  different  conditions  seem  to  depend  on 
the  atomicities  of  the  radicals  of  which  the  molecule  consists. 
At  least,  the  facts  indicate  that  the  amount  of  free  electricity 
which  any  group  of  atoms  takes  out  of  the  molecule  from  which 
it  is  parted  is  exactly  measured  by  the  number  of  atomic  bonds 
thus  broken.  Hence  in  our  diagram  the  amount  of  positive 
electricity  which  E^  takes  from  E^Q^  is  a  definite  quantity,  and 
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exactly  equal  to  that  which  Zn  carries  in  to  take  its  place. 
Moreover,  this  last  quantity  came  originally,  not  from  one,  but 
from  two  zinc  molecules,  and  the  chemical  metathesis  between 
J?",  and  Zn  was  accompanied  by  an  interchange  of  electricities 
between  the  zinc  molecules,  by  which  all  the  free  positive  elec- 
tricity passed  to  the  one  which  entered  into  combination,  and  all 
the  free  negative  electricity  to  the  one  left  behind ;  and  further, 
as  already  stated,  this  free  n^ative  electricity  is  equivalent  to 
the  free  positive  electricity  on  the  hydrogen  molecule  formed  at 
the  same  time. 

If,  as  in  the  usual  form  of  tJie  reaction  we  have  been  studying, 
the  acid  sufficiently  diluted  is  poured  upon  clippings  of  sheet 
zinc,  it  is  found  that,  although  the  mass  of  the  metal  is  polarized 
throughout,  the  polarity  is  very  irregularly  distributed.  A  mul- 
titude of  negative  polar  points  are  formed  upon  the  surface,  from 
which  bubbles  of  hydrogen  gas  are  evolved,  and  around  these  are 
spaces  positively  polarized  where  the  metal  enters  into  solution. 
According  to  our  theory,  when  the  molecules  of  metal  replace 
the  atoms  of  hydrogen,  they  take  with  them  positive  electrical 
charges,  leaving  behind  equivalent  negative  charges,  and  these 
are  transmitted  from  molecule  to  molecule  of  the  metal,  until 
they  reach  one  of  the  negative  polar  points  above  mentioned.  It 
is  there  that  the  interchange  takes  place  with  the  positive  charges 
on  the  molecules  of  hydrogen  gas  as  rapidly  as  these  are  formed. 
The  polar  points  just  referred  to  appear  to  be  determined  by 
variations  of  texture  or  bits  of  impurity  in  the  metal,  and  this  is 
the  reason  that  the  general  polarity  of  the  mass  is  so  irregularly 
distributed.  If  the  metal  is  absolutely  pure  and  imiform  in 
texture,  or  if  the  surface  of  the  common  sheet  zinc  is  previously 
amalgamated,  there  is  no  local  action,  and  the  zinc  will  not  dis- 
solve unless  we  fasten  to  the  metal  a  piece  of  some  material  less 
readily  acted  on  by  the  acid,  which  must  be  also  a  conductor  of 
electricity.  But  when  this  is  done,  the  whole  mass  becomes 
polarized  uniformly  throughout,  after  the  pattern  represented  in 
Fig.  12.  Of  this  system  the  surface  of  the  zinc  forms  the  posi- 
tive pole,  and  the  surface  of  the  second  material  the  negative 
pole.    Chemical  action  ensues  as  before,  and  while  zinc  dissolves 
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at  the  positive  pole,  hydrogen  gas  is  evolved  from  the  negative 
pola 

We  are  now  prepared  to  understand  the  conditions  in  the  Vol- 
taic cell  represented  in  Fig.  10.  Here  we  have  a  plate  of  zinc 
and  a  plate  of  platinum,  united  by  a  metallic  wire  and  dipping 
together  into  the  acid  liquid,  with  their  surfaces  opposed  to  each 
other  and  not  touching.  Here,  also,  the  two  plates  with  the 
conductor  form  one  uniformly  polarized  system,  of  which  the 
surface  of  the  zinc  is  the  positive,  and  the  surface  of  the  platinum 
the  negative  pole.  The  polarity  of  this  arrangement  is  induced 
by  the  action  of  the  acid,  whose  molecules  are  inherently  polar- 
ized. Moreover,  under  these  conditions  the  mass  of  acid  between 
the  plates  forms  also  a  uniformly  polarized  system,  the  molecules 
rig.  18.  aiTanging  themselves  in  polar  lines,  as  represented 
in  Fig.  13.  We  may  compare  the  combination 
thus  formed  to  a  magnetic  circuit,  consisting  of  a 
horseshoe  magnet  and  its  armature,  or  rather  of 
a  bar  magnet  with  a  horseshoe  armature.  The 
inherently  polarized  liquid  corresponds  to  the  per- 
manent magnet,  the  system  of  metallic  plates  to  the  armature 
with  its  induced  polarity.  Now  just  as  in  the  magnetic  circuit 
we  have  a  strong  attractive  force  at  the  surfaces  where  the 
armature  touches  the  magnet,  so  in  the  Voltaic  circuit  we  have  a 
powerful  force  exerted  at  each  of  the  corresponding  surfaces.  A 
mutual  attraction  is  exerted  between  the  hydrogen  end  of  the 
acid  molecules  and  the  platinum  surface  on  one  side,  and  the 
sulphion  end  *  of  the  same  molecules  and  the  zinc  surface  on 
the  other  side.  These  forces  are  adequate  to  decompose  the  acid. 
The  sulphion  atoms  enter  into  union  with  the  zinc  to  form  zinc 
sulphate,  which  dissolves  in  the  acid  liquid,  while  the  hydrogen 
atoms  combine  with  each  other  to  form  molecules  of  hydrogen 
gas,  which  collects  in  bubbles  that  rise  along  the  surface  of  the 
platinum  plate.  Meanwhile,  every  molecule  of  zinc  which  enters 
into  solution  leaves  behind  a  charge  of  negative  electricity,  and 
every  molecule  of  hydrogen  gas  carries  to  the  surface  of  the 

*  For  the  sake  of  simplicity  we  hare  represented  in  the  figures  molecules  of 
ff-Cl  instead  of  H^SO^  but  the  theory  applies  equally  to  both. 
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platinum  plate  a  charge  of  positive  electricity,  and  these  opposite 
charges  flow  together  through  the  conductor,  forming  what  we 
call  an  electrical  current,  which  tends  to  restore  the  electrical 
equilibrium  that  the  chemical  action  destroys. 

93.  Eiectrioal  Current. — According  to  our  theory  an  electrical 
current  consists,  in  the  last  analysis,  in  the  transfer  of  the  ethe- 
real medium  between  neighboring  molecules,  the  one  giving  up  a 
quantity  of  positive  electricity  and  receiving  an  equivalent  por- 
tion of  negative  electricity  in  its  stead.  This  transfer  is  supposed 
to  take  place  at  the  surface  of  contact  between  the  molecular 
atmospheres  by  a  process  similar  to  diffusion  (§  63),  and  implies 
an  oscillation  of  the  molecules  by  which  each  is  brought  alter- 
nately in  near  proximity  to  its  neighbors  on  either  sida  The 
oscillatory  motion  is  maintained  by  the  alternate  attractions  and 
repulsions,  which  the  varying  phases  of  the  molecules  neces- 
sarily determine,  and  i3  a  most  important  element  of  the  electri- 
cal current  It  can  easily  be  imitated  by  suspending  with  silk 
threads  small  metallic  balls  between  two  brass  knobs  connected 
with  the  conductors  of  an  electrical  machine,  so  that  they  hang 
near,  and  at  equal  distances  from  each  other,  on  the  same  line. 
The  continuous  oscillation  of  these  baUs,  while  the  machine  is 
in  action,  illustrates  what  we  conceive  to  be  the  mode  of  motion 
in  the  molecules  of  a  conductor. 

If  the  above  explanation  is  correct,  it  is  obvious  that  an  elec- 
trical current  in  a  solid  conductor Jhas  two  distinct  elements;! 
first,  aiToscillatory  motion  ot  the  molecuTes ;  secondly,  a  mutual 
transfer  of  tne  xwo  modilications  of  the  electrical  ether  from 
molecule  to  molecule,  along  the  lines  uniting  the  opposite  poles 
of  the  polar  sy5t6to,'"whicTi'eve'iy7;ui^^  iinplies^  But  in  the 
acid  liquid,  wRicFnot"  only  brigiriates  the  current  but  also  forms 
a  part  of  the  circuit,  the  relations  are  somewhat  different.  There 
the  transfer  of  the  two  electricities  is  attended  with  a  decompo- 
sition of  the  acid  molecules,  and  the  opposed  atoms,  each  bear- 
ing its  charge  of  electricity,  actually  travel  from  one  plate  to  the 
other.  Thus  we  have  the  singular  phenomenon  produced  of  two 
coexisting  atomic  currents  throughout  the  mass  of  the  liquid,  a 
stream  of  sulphion  atoms  constantly  setting  towards  the  zinc 
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metallic  conductor,  then  the  value  of  £7  will  increase  in  very 
nearly  the  same  proportion  as  the  size  of  the  plates  is  enlarged, 
and  the  value  of  B,  in  consequence,  diminished.  Under  these 
conditions,  the  number  of  lines  of  moving  atoms  is  greatly  mul- 
tiplied, and  we  obtain  a  current  of  very  great  volume,  but  only 
flowing  with  the  limited  force  which  the  single  ceU  is  capable 
of  maintaining.  Such  a  current  has  but  little  power  of  over- 
coming obstacles ;  and  if  we  attempt  to  condense  it  by  using  a 
smaller  conductor,  we  reduce,  as  has  been  said,  the  chemical 
action  which  keeps  the  whole  in  motion,  and  thus  lessen  the 
volume  of  the  flow.  This  is  generally  expressed  by  saying  that 
the  current  has  laige  quantity^  but  small  intensity,  or  (more  prop- 
erly) small  electromotive  power. 

It  must  now  be  obvious  from  the  theory,  that  we  cannot  in- 
croase  effectively  the  intensity  of  a  current  (its  power  of  over- 
coming obstacles)  without  in  some  way  increasing  the  chemical 
activity,  or,  in  other  words,  the  electromotive  force  of  the  com- 
bination employed,  and  Ohm's  formula  leads  to  the  same  result 
If  the  value  of  r  in  our  formula  is  very  large  as  compared  with 
B,  we  cannot  increase  it  still  further  without  lessening  the  total 
value,  C^  unless  at  the  same  time  we  increase  the  value  of  E. 
Now,  this  electromotive  force  may  be,  to  a  certain  extent,  in- 
creased by  using  a  more  active  combination ;  but  the  limit  in 
this  diroction  is  soon  reached,  and  the  construction  of  the  cell 
which  has  been  found  practically  to  be  the  most  efficient  will  be 
described  below. 

"We  can,  however,  increase  the  effective  electromotive  force  to 
almost  any  extent  by  using  a  number  of  cells,  and  coupling 
them  together  in  the  manner  ropresented  by  Fig.  14,  the  plati- 
num plate  of  the  first  cell  being  united  by  a  large  metallic  con- 
nector to  the  zinc  plate  of  the  second,  and  so  on  through  the 
Une,  until  finally  the  external  conductor  establishes  a  connection 
between  the  platinum  plate  of  the  last  cell  and  the  zinc  plate  of 
the  first.  Such  a  combination  as  this  is  called  a  Galvanic  or 
Voltaic  *  battery,  and  the  current  which  flows  through  such  a 

*  From  the  names  of  Galyani  and  Volta,  two  Italian  phyaiciata,  who  first 
inyestigated  this  clasa  of  phenomena. 
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combination  has  a  vastly  greater  power  of  overcoming  resistance 
than  that  of  any  single  cell,  however  large. 

The  increased  effect  obtained  with  such  a  combination  will  be 
easily  understood  when  it  is  remembered  that  each  of  the  innu- 
merable closed  chains  of  moving  mg.u, 
molecules  now  extends  through 
the  whole  combination,  and  that 
all  its  parts  move  in  the  same 
close  mutual  dependence  as  be- 
fore. But  whereas  with  a  single  cell  the  motion  throughout  any 
single  chain  of  molecules  is  sustained  by  the  chemical  energy  at 
only  one  point,  it  is  here  reinforced  at  several  points ;  and  the 
polar  energy  at  any  point  of  the  circuit  is  the  effect  of  the  in- 
duction of  the  acid  molecules  between  each  pair  of  plates  concur- 
ring with  that  produced  by  the  similar  molecules  between  every 
other  pair.  The  electromotive  power  is  then  increased  in  pro- 
portion to  the  number  of  cells ;  and  the  effect  on  the  current 
would  be  increased  in  the  same  proportion,  were  it  not  for  the 
£act  that  the  current  must  keep  in  motion  a  greater  mass  of 
liquid,  and  hence  the  resistance  is  increased  at  the  same  time. 
The  value  of  this  resistance,  however,  is  easily  estimated,  since 
it  is  directly  proportional  to  the  distance  through  which  the  cur- 
rent has  to  flow  in  the  liquid ;  and  hence,  if  the  liquid  is  the 
same  in  all  the  cells,  and  the  plates  are  at  the  same  distance 
apart  in  each,  the  liquid  resistance  will  be  n  times  as  great  in  a 
combination  of  n  cells  as  it  is  in  one.  Moreover,  since  the 
effective  electromotive  force  is  n  times  as  great  also,  while 
the  external  resistance  remains  unchanged,  the  strength  of  the 
current  from  such  a  combination  wiU  still  be  expressed  by  for- 
mula [58],  slightly  modified : — 

This  formula  shows  at  once  that,  when  the  exterior  resistance 
is  very  small,  or  nothing,  very  little  or  no  gain  will  result  from 
increasing  the  number  of  cells,  for  the  ratio  of  nJE  to  n J2  is  the 
same  as  that  o{  £to  B;  and  under  such  conditions,  in  order  to 
increase  the  strength  of  the  current  we  must  increase  the  sur- 

16 
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fjEice  of  the  plates.  If,  on  the  contrary,  the  exterior  resistance 
is  very  large,  the  formula  shows  that  great  gain  will  result  from 
increasing  the  number  of  the  cells,  and  that  little  or  no  advan- 
tage will  accrue  from  enlarging  the  surface  of  the  plates.  More- 
over, the  formula  enables  us  in  any  case  to  determine  what 
proportion  the  number  of  cells  should  bear  to  the  size  of  the 
plates  in  order  to  obtain  the  full  effect  of  any  battery  in  doiug 
a  given  work  ;  and  in  the  niunerous  applications  of  electricity  in 
the  arts  we  find  abundant  illustrations  of  the  principles  it  in- 
volves. The  methods  used  in  finding  the  values  of  the  quanti- 
ties represented  in  the  formula  lie  beyond  the  scope  of  this  work, 
and  for  such  information  the  student  is  referred  to  works  on 
Physics. 

97.  ConBtrnotion  of  Cells.  —  It  is  found  practically  that  the 
simple  combination  of  plates  and  acid  first  described  must  be 
slightly  modified  in  order  to  obtain  the  best  results. 

In  the  first  place,  both  the  zinc  and  sulphuric  acid  of  com- 
merce contain  impurities,  which  give  rise  to  what  is  called  local 
action,  and  cause  the  zinc  to  dissolve  in  the  acid  when  the  bat- 
tery is  not  in  action.  Fortunately,  however,  it  has  been  found 
that  such  local  action  can  be  wholly  prevented  by  carefully 
amalgamating  the  surface  of  the  zinc  and  filtering  the  acidulated 
water.  The  mercury  on  the  surface  of  the  zinc  plates  acts  as  a 
solvent,  and  gives  a  certain  freedom  of  motion  to  the  particles  of 
the  metaL  These,  by  the  action  of  the  polar  forces,  are  brought 
to  the  surface  of  the  plate,  while  the  impurities  are  forced  back 
towards  the  interior,  so  that  the  plate  constantly  exposes  a  sur- 
face of  pure  zinc  to  the  action  of  the  acid.  By  filtering  we 
remove  the  particles  of  plumbic  sulphate  which  remain  floating 
in  the  sulphuric  acid  for  a  long  time  after  it  has  been  diluted 
with  water,  and  which,  when  deposited  on  the  surface  of  the 
zinc,  become  points  of  local  action,  even  when  the  plates  have 
been  carefully  amalgamated. 

In  the  second  place,  the  continued  action  of  the  simple  com- 
bination first  described  develops  conditions  which  soon  greatly 
impair,  and  at  last  wholly  destroy,  its  efficiency.  The  hydrogen 
gas  which  by  the  action  of  the  current  is  evolved  at  the  platinum 
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pl&te  adheres  strongly  to  its  surface,  and  with  its  powerful  atfiRi- 
ties  draws  back  the  lines  of  atoms  moviog  towards  the  zinc  plate, 
and  tfaus  diminishes  the  effective  electromotive  force.  Moreover, 
after  the  battery  has  been  working  for  some  time,  the  water 
becomes  charged  with  zinc  sulphate ;  and  then  the  zinc,  follow- 
ing the  course  of  the  hydrogen,  is  also  deposited  on  the  surface 
of  the  platinum,  which  after  a  while  becomes,  to  all  intents  and 
purposes,  a  second  zinc  plate,  and  then,  of  course,  the  electric 
current  ceases. 

Both  of  these  difficulties,  however,  have  also  been  surmounted 
by  the  very  simple  arrangement  made  by  Mr.  Grove,  of  London. 
The  Grove  cell  (Fig.  15)  consists  of  a  circular  plate  of  zinc  well 
amalgamated  on  its  surface,  and  immersed  in  a  glass  jar  contain- 
ing dilute  sulphuric  acid.  Within  this  zinc  cylinder  ia  placed 
8  cylindrical  vessel  of  much  smaller  diameter,  made  of  porous 
earthenware,  and  filled  with  the  strongest  nitric  acid,  and  in 
this  hangs  the  plate  of  platinum  (Fig.  16).    The  walls  of  the 

ffg.  u.  na.  IS. 


porous  cell  aUow  both  the  hydrogen  and  the  zinc  atoms  to  pass 
freely  on  their  way  to  the  platinum  plate ;  but  the  moment  Uiey 
reach  the  nitric  acid  they  are  at  once  oxidized,  and  thus  the  sur- 
face of  the  platinum  is  kept  clean,  and  the  cell  in  condition  to 
exert  its  maximum  electromotive  power.  In  this  combination 
we  may  substitute  for  the  plate  of  platinum  a  plate  of  dense 
coke,  such  as  forms  in  the  interior  of  gas  retorts,  which  is 
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veiy  much  che&per,  and  enables  ti8  to  conatract  lai^  cells  at  a 
moderate  cost.  The  use  of  gas  coke  was  first  suggested  by  Pro- 
fessor Bunsen  of  Heidelberg,  and  tbe  cell  so  constructed  gener- 
ally bears  his  name.  The  Bunsen  cell,  such  as  is  represented  in 
Fig.  17,  is  exceedingly  well  adapted  for  use  in  the  laboratory. 
These  cells  are  osually  made  of  nearly  a  uniform  size,  the  zinc 
■ii.n. 


cylinders  being  about  8  c.  m.  in  ^diameter  by  22  c.  m.  high,  and 
they  are  frequently  referred  to  as  a  rough  standard  of  electrical 
power.  They  may  be  united  so  as  to  produce  efTects  either  of 
intensity  or  of  quantity.  The  intensity  efTecta  are  obtained  in 
the  manner  already  described  (see"  Fig.  14) ;  and  the  quantity 
effects  are  obtained  with  equal  readiness,  since,  by  attaching 
the  zinc  of  several  cells  to  the  same  metallic  conductor,  and  the 
corresponding  coke  plates  to  a  similar  conductor,  we  have  the 
equivalent  of  one  cell  with  lai^  plates.  Many  other  forms  of 
battery,  differing  in  more  or  less  important  details  from  those 
here  described,  and  adapted  to  special  applications  of  electricity, 
are  used  in  the  arts,  and  are  fully  described  in  the  larger  works 
on  Physics. 

98.  meotrolyala.  —  As  our  theory  indicates,  the  electrical 
current  has  the  remarkable  power  of  imparting  to  the  unlike  ' 
atoms  of  almost  all  compound  bodies  lAotlon  in  opposite  direc- 
tions, like  that  in  the  battery  cell  itsel^^ndTEii^to^^atwiat- 
"eveTpoint  in  the  circuit  they  may  be  introduced.  The  Galvanic 
l^tery_th^J)ecome3  a  most  potent  agent  in  producing  cEemical 
decompositions,  and  it  is  in  oouaeqoence  of  this  fact  that  the 
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theoiy  of  the  instrament  fills  such  an  important  place  ,in  the 
philosophy  of  chemistry. 

If  we  break  the  metallic  conductor  at  any  point  of  a  closed 
circuit,  the  two  ends,  which  in  chemical  experiments  we  usually 
arm  with  platinum  plates,*  are  called  poles.  The  end  connected 
with  the  platinum  or  coke  plate,  from  which  the  positive  current 
is  assumed  to  flow,  is  caQed  the  positive  pole,  and  the  end  con- 
nected with  the  zinc  plate,  from  which  the  negative  current 
flows,  is  called  the  negative  pole.  Let  us  assume  that  Fig.  18 
represents  the  two  platinum  poles  dipping  in  a 
solution  of  hydrochloric  acid  in  water,  which  **«•  ^^' 

thus  becomes  a  part  of  the  circuit.    The  mo-  ».^.  ^  .. 

ment  the  circuit  is  thus  closed,  the  H  and  CI  ■  h  m  hp 

atoms  begin  to  travel  in  opposite  directions, 
just  as  in  the  battery  cell  below.  The  hydro-  L  m  n  h  h  h  h 
gen  atoms  move  toith  the  positive  current  to- 
wards the  negative  pole,  and  hydrogen  gas  is 
disengaged  from  the  surface  of  the  negative  plate,  while  the 
chlorine  atoms  n^ove  ivith  the  negative  current  towards  the  posi- 
tive pole,  and  chlorine  gas  is  evolved  from  the  surface  of  the 
positive  plate.  Moreover,  it  will  be  noticed  that  each  kind  of 
atoms  moves  in  the  same  direction  on  the  closed  circuit,  that  is, 
follows  the  course  of  the  same  current,  both  in  the  battery  cell 
below  and  in  the  decomposing  cell  above ;  and  wherever  we 
break  the  circuit,  and  at  as  many  places  as  we  may  break  it, 
the  same  phenomena  may  be  produced,  provided  only  that  our 
battery  has  sufficient  power  to  overcome  the  resistance  thus 
introduced. 

If  next  we  dip  the  poles  in  water,  the  atoms  of  the  water  wiU 
be  set  moving,  as  shown  in  Fig.  19 ;  hydrogen  gas  escaping  as 
before  from  the  negative  pole,  and  oxygen  gas  from  the  positive. 
We  find,  however,  that  p^  water  opposes  a  very  meat  resist- 
ance to  the  motion  of  the  cu^ent;  and  unless  the  current*  has 
great  intensity,  £Ee  etfecXs  ottamed  are  inconsiderable.  But  if 
we  mix  with  the  water  a  little  sulphuric  acid,  the  decomposition 

*  We  QM  pUtinum  plates  becaose  this  metal  doea  not  readily  enter  into  com- 
bination with  the  ordinary  chemical  agenti. 
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at  once  becomes  very  rapid:  but  then  it  is  the  atoms  of  the 

sulphuric  acid,  and  not  those_ofJ>b£Ugater, 
^'^'       p     which    are    set  in  'motion.     The  molecule 
L     ff^O^  divides  into  JSTj  and  SO^ ;  the  hydrogen 
00  0  0  00    I     atoms  moving  in  the  usual  direction,  and  the 
H»HaHtH»HaKt|     atoms  of  SO^  in  the  opposite  direction.    As 
-     soon,  however,  as  the  last  are  set  free  at  the 
positive  pole,  they  come  in  contact  with  water, 
which  they  immediately  decompose, 

2ff^0'^2S0^=:2H^S0^'\'O0, 

and  the  oxygen  gas  thus  generated  escapes  from  the  surface  of 
the  platinum  plate.  Thus  the  result  is  the  same  as  if  water  were 
directly  decomposed,  but  the  actual  process  is  quite  different. 

So  also  in  many  other  cases  of  electrolysis,  —  as  these  de- 
compositions by  the  electrical  current  are  called,  —  the  process 
is  complicated  by  the  action  of  the  water,  which  is  the  usual 
medium  employed  in  the  experiments.  Thus,  if  we  interpose 
between  the  poles  a  solution  of  common  salt^  NaCl,  the  chlorine 
atoms  move  towards  the  positive  pole,  and  chlorine  gas  is  there 
evolved,  as  in  the  first  example.  The  sodium  atoms  move  also, 
but  in  the  opposite  direction.  As  soon,  however,  as  they  are 
set  free  at  the  negative  pole,  they  decompose  the  water  present ; 
hydrogen  gas  is  formed,  which  escapes  in  bubbles  from  the 
platinum  plate,  while  sodic  hydrate  (caustic  soda)  refaiains  in 

solution, 

2^,0  +  2ira  =:2H,yarO  +  B-E. 

We  add  but  one  other  example,  which  illustrates  a  very  im- 
portant application  of  these  principles  in  the  arts.    We  assume, 

in  Fig.  20,  that  the  positive  pole  is  armed 
^'^'        ^     with  a  plate  of  copper,  and  that  to  the 

I K  negative  pole  has  been  fastened  a  mould 
so^so^so^so^      If      «*  J  ir  •  1,  X  XT. 

cu  c%  cu  Cull  of  some  medallion  we  wish  to  copy,  the 

I     surface  of  which,  at  least,  is  a  good  con- 
ductor.   We  assume,  further,  that  both 
copper  plate  and  mould  are  suspended  in  a  solution  of  sulphate 
of  copper,  Cu'SO^.    In  this  case  the  atoms  of  the  compound  are 
set  in  motion  as  befora    Those  of  copper  accumulate  on  the 
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surfiace  of  the  mould ;  and  at  last  the  eoating  will  attain  such 
thickness  that  it  can  be  lemoved,  famishing  an  exact  copy  of 
the  original  medallion.  Meanwhile  the  atoms  of  SO4  have  found 
at  the  positive  pole  a  mass  of  copper,  with  whose  atoms  thej 
have  combined;  and  thus  fresh  sulphate  of  copper  has  been 
formed,  and  the  solution  replenished.  The  process  •  has  in  effect 
consisted  in  a  transfer  of  metal  from  the  copper  plate  to  the 
medallion ;  and,  by  using  appropriate  solvents,  silver  and  gold 
can  be  transferred  and  deposited  in  the  same  way.  ' 

In  all  these  processes  of  electroljrsis  one  remarkable  fact  has 
been  observed,  which  has  a  very  important  bearing  on  the  theory 
of  the  battery.  If  in  any  given  circuit  we  introduce  a  number 
of  decomposing  cells  containing  acidulated  water,  we  find  that 
in  a  given  time  exactly  the  same  amount  of  gas  is  evolved  in 
each;  thus  proving,  what  we  have  thus  far  assumed,  that  the 
moving  power  is  absolutely  the  same  at  all  points  on  the  cir- 
cuit Moreover,  the  amount  of  gas  which  is  evolved  from  such 
a  decomposing  cell  in  the  unit  of  time  is  an  accurate  measure 
of  the  strength  of  the  current  actually  flowing  in  any  circuit, 
and  this  mode  of  measuring  the  quantity  of  an  electrical  current 
is  constantly  used. 

We  should  infer  from  the  facts  already  stated,  and  the  princi- 
ple has  been  ponfirmed  by  the  most  careful  experiments,  that 
the  chemical  changes  which  may  take  place  at  different  points 
of  the  same  closed  circuit  are  always  the  exact  equivalents  of 
each  other.  If,  for  example,  we  have  a  series  of  Grove  ceUs, 
arranged  as  in  Fig.  14,  and  interpose  in  the  external  circuit  two 
decomposing  cells,  as  in  Figs.  19  and  20,  we  shall  find  (provided 
there  is  no  local  action)  that  the  weight  of  zinc  dissolved  in  each 
of  the  five  Grove  cells  is  the  exact  chemical  equivcUeTU  (§  27),  not 
only  of  the  weight  of  hydrogen  gas  evolved  from  the  first  decom- 
posing cell,  but  also  of  the  weight  of  metallic  copper  deposited 
on  the  mould  in  the  second.  For  every  63.4  grammes  of  copper 
deposited,  2  grammes  of  hydrogen  are  evolved,  and  65.2  grammes 
of  zinc  are  dissolved  in  each  cell  of  the  battery.  If  there  is  also 
local  action  in  the  cells,  the  chemical  change  thus  induced  is 
added  to  the  normal  effect  of  the  battery  current. 
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This  important  principle  (discovered  by  Faraday)  is  in  entire 
harmony  with  the  theory  of  electricity  developed  in  this  chap- 
ter. In  the  single  Voltaic  cell  (Fig.  10)  there  is  but  one  source 
of  free  electricity,  which  all  flows  through  the  same  conductor. 
In  a  Voltaic  battery  (Fig.  14)  there  are  as  many  sources  of  free 
electricity  as  there  are  separate  ceUs ;  but  only  the  free  elec- 
tricity received  on  the  end  plates  flows  through  the  longer  con- 
ductor,* for  that  received  on  the  intermediate  plates  becomes 
neutralized  in  the  shorter  conductors*  uniting  the  cells.  In 
either  case,  if  a  liquid  forms  a  part  of  the  principal  conductor, 
as  in  Fig.  18,  then  the  molecules  of  the  liquid  decomposed  by 
the  current  become  an  additional  source  of  electricity,  and  the 
currents  flowing  from  the  two  ends  of  the  battery  are  neutral- 
ized by  the  chaTges  of  electricity  which  the  atoms  liberated  from 
the  electrolyte  f  bring  with  them  to  either  electrodcf  Thus,  in 
Fig.  18,  the  positive  electricity  flowing  from  the  inactive  plate 
of  the  battery  is  neutralized  by  the  negative  electricity  which 
the  chlorine  atoms  yield,  and  the  negative  electricity  from  the 
active  plate  of  the  battery  by  the  positive  electricity  which  the 
hydrogen  atoms  yield.  Now  since,  according  to  our  theory, 
the  strength  of  a  current  is  necessarily  the  same  at  all  points  of 
a  continuous  circuit,  however  extended,  and  since  the  amount 
of  electricity  set  free  in  the  decomposing  cell,  as  in  the  battery 
cells,  must  be  proportional  to  the  number  of  atomic  bonds 
broken  (§  88),  it  is  evident  that  it  would  require,  for  example, 
twice  as  many  hydrogen  as  copper  atoms,  liberated  on  the  face 
of  an  electrode  in  a  given  time,  to  supply  the  same  current,  and 
this  is  equivalent  to  the  principle  stated  above. 

^The  examples  which  have  been  given  are  sufficient  to  illus- 
trate the  remarkable  power  which  the  electric  current  possesses 
of  setting  in  motion  the  atoms  of  compound  bodies.  Innumer- 
able experiments  have  shown  that,  in  reference  to  their  relations 
to  the  current,  the  atoms,  both  simple  and  compound,  may  be 

*  It  will  he  noticed  that  each  of  the  fire  conductors  in  Fig.  14  sostains  the 
same  relations  to  the  hattery  as  a  whole. 

t  The  liquid  submitted  to  electrolysis  is  frequently  called  an  eUdrolytef  and 
the  inactive  poles  dipping  into  the  liquid  are  also  called  tUdrode$. 
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divided  into  two  great  classes :  first,  those  which  travel  on  the 
line  of  the  circuit  in  the  direction'of  the  positive  cjxrrent.  and 
follow  in  the  lead  of  the  hydrogen  atoms ;  and,  secondly,  those 
which  follow  the  lead  of  the  chlo^ie  atoms,  and  move  in  the 
opposite  direction  with  the  negative  current  The  first  class 
of  atoms,  or  radicals,  we  call  positive  ;^  sjid  the  second  class, 
negative. 

The  opposition  in  qualities  of  the  chemical  atoms,  which  the 
study  of  these  electrical  phenomena  has  revealed,  is,  in  many 
cases  at  least,  relative,  and  not  absolute.  For  while  there  are 
some  atoms  which  always  manifest  the  same  character,  there 
are  others  which  appear  in  some  associations  positive  and  in 
other  associations  negative.  To  such  an  extent  is  this  true,  that 
the  electrical  relations  of  the  atoms  are  best  shown  by  grouping 
the  elements  in  series,  which  may  be  so  arranged  that  each  mem- 
ber of  the  series  shall  be  electro-positive  when  in  combination 
with  those  elements  which  follow  it,  and  electro-negative  when 
combined  with  those  which  precede  it 
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99.  Fondamental  Laws.  —  The  following  formula  express  ihe 
most  important  properties  of  electrical  currents :  — 

(4.)    W=C^JRt  (5.)    W=:QE 

The  first  defines  strength  of  current  as  a  magnitude  propor- 
tional to  the  force  which  it  exerts  on  a  magnetic  pole  under 
constant  conditions.  These  conditions  are  the  strength  of  pole, 
m,  the  length  of  the  conductor,  L,  —  assumed,  as  in  the  common 
form  of  galvanometer,  to  be  bent  in  a  circle  around  the  pole,  — 
and  the  radius  of  this  circle,  JT.  The  unit  of  force  is  that  force 
which  imparts  to  one  gramme  of  matter  the  velocity  of  one 
metre  in  one  second,  and  t;he  unit  pole  that  pole  which  at  a 
distance  of  one  metre  repels  a  similar  and  equal  pole  with  the 
unit  force. 
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The  second  is  Ohm*s  formula  (§  95),  and  expresses  the  princi- 
ple, which  can  be  readily  demonstrated  experimentally,  that  the 
strength  of  current,  as  defined  by  (1),  is  directly  proportional 
to  the  electromotive  force  of  the  given  circuit,  and  inversely 
proportional  to  the  resistance  of  the  circuit  It  also  involves 
the  additional  truth  t^t  in  different  parts  of  the  mrae  drcuii, 
where  the  strength  of  current  is  necessarily  the  same  (§  95),  the 
difference  of  tension,  or  potential,*  between  any  two  points  is 
always  proportional  to  the  resistance  between  these  points. 

The  third  expresses  a  truth  first  verified  experimentally  by 
Faraday,  that  the  quantity  of  electricity  which  passes  any  point 
of  a  circuit,  as  measured  by  the  amount  of  electrolysis,  is  pro- 
portional to  the  strength  of  the  current  and  the  time  during 
which  it  flows. 

The  fourth  expresses  an  important  law,  first  demonstrated 
experimentally  by  Joule,  that  the  work  done  by  a  current 
(e.  g.,  the  quantity  of  heat  generated)  is  proportional  to  the 
square  of  the  current,  to  the  time  during  which  it  acts,  and 
to  the  resistance  which  it  encounters.  It  should  be  remem> 
bered  in  this  connection  that  the  unit  of  force  acting  through 
one  metre  does  the  unit  of  work ;  that  the  force  of  gravity  act- 
ing on  one  gramme  of  matter  through  one  metre  does  9.8  units 
of  work,  equal  to  one  metre-gramme ;  and  that  the  unit  of  heat 
(§  13)  is  equivalent  to  4,157.25  units  of  work,  or  423.8  metre- 
grammes. 

*  The  inflaeuce  of  the  electromotive  force  extends  throughout  the  circuit, 
causing  at  every  cross  section  of  the  conductor  what  we  may  call  an  electrical 
pressure,  which  regulates  the  flow  of  the  electrical  current.  This  pressure  is 
grreatest  at  the  surface  of  the  active  plate  where  the  power  originates,  and  dimin- 
ishes as  we  proceed  around  the  circuit  in  either  direction.  At  some  intermediate 
section,  where  the  opposite  currents  neutralize  each  other,  the  pressure  is  zero,  and 
as  we  move  hack  from  this  neutral  point  against  the  negative  current  we  encoun- 
ter an  ever-increasing  "negative"  pressure,  while  in  the  opposite  direction  we 
meet  an  ever-increasing  "  positive  "  pressure.  What  we  here  call  electrical  pres- 
sure is  called  ahove  tension  or  potential,  and  without  attempting  to  give  a  theo- 
retical conception  of  its  nature,  it  is  sufficient  to  say  that  it  is  a  force  measured  at 
any  point  of  the  circuit  hy  the  tendency  of  the  current  to  leave  the  conductor. 
Ohm's  formula  holds  not  only  for  the  whole  circuit,  hut  also  for  any  part  of  it ; 
hut  in  such  cases  £  stands,  not  for  the  whole  electromotive  force,  hut  for  the 
difference  of  tension  between  the  two  ends  of  the  portion  under  consideration. 
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The  fifth  is  involved  in  the  previous  three,  from  which  it  is 
readily  deduced,  and  expresses  the  fact  that  the  work  done  in 
any  portion  of  the  circuit  is  proportional  to  the  quantity  of  elec* 
tricity  which  passes  over  it,  and  to  the  difference  of  tension 
between  the  two  ends. 

100.  Kirolihoirs  Zaws.  —  The  following  propositions  may  be 
deduced  from  the  general  theory  of  electrical  currents :  — 

1st.  The  sum  of  the  cwrrenis  which  approach  any  point  is 
always  equal  to  those  which  recede  from  it. 

Or,  if  we  distinguish  the  first  by  a  plus  and  the  second  by  a 
negative  sign,  we  may  say  more  generally,  — 

The  sum  of  all  the  currents  which  meet  at  a  point  is  equal  to 
zero. 

2d.  On  any  conliniums  line  of  conductors  the  sum  of  the  prodticts 
of  the  resistances  of  the  several  parts  by  the  strength  of  the  current 
in  each  part  is  equal  to  the  sum  of  the  electromotive  forces  incltuied 
in  the  same  closed  circuit 

The  last  proposition  holds  true  of  every  circuit  which  may 
be  traced  in  any  system  of  conductors  and  batteries,  however 
complicated  the  maze ;  only  currents  flowing  in  opposite  direc- 
tions with  reference  to  the  given  circuit  must  be  distinguished 
by  opposite  signs.  Moreover,  the  sum  is  equal  to  zero  when 
there  is  no  electromotive  force  on  the  line  of  conductors  under 
consideration. 

101.  laeotrloal  Units. — In  the  following  problems  the  values 
C,  B,  r,  and  JE  of  Ohm^s  formula  are  assumed  to  be  measured 
in  terms  of  the  following  unita  First,  the  unit  of  current  is  that 
which  would  produce,  by  the  electrolysis  of  water,  1  cTm.'  of 
hydrogen  and  oxygen  gas  (measured  under  standard  conditions) 
in  one  minute.  Secondly,  the  unit  of  resistance  is  that  offered 
by  a  pure  silver  or  copper  wire  1  m.  long,  and  1  m.  m.  in  diame- 
ter at  0°.  Lastly,  the  unit  of  electromotive  force  is  that  which 
transmits  a  unit  cwrrent  against  a  unit  resistant  in  a  unit  of 
time. 

By  means  of  the  magnetic  and  thermal  relations  given  by  (1) 
and  (4)  of  §  99  above,  it  is  possible  to  express  the  values  of  the 
three  elements  of  an  electrical  current  in  terms  of  the  funda- 
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3.  It  IB  found  by  experiment  that  a  wire  of  Gennan  sOver,  7.201  m. 
long  and  1.5  m.  m.  in  diameter,  opposes  the  same  resistance  to  the  cur- 
rent as  a  wire  of  pure  silver  10  m.  long  and  ^  m.  m.  in  diameter.  What 
is  the  Sp.  R  of  German  silver  t  Ans.    12.5. 

4.  It  is  required  to  make,  with  132.8  grammes  of  pure  silver,  a  wire 
which  will  offer  a  resistance  of  81  units.     What  must  be  its  length 

« 

and  diameter  f    Sp.  Gr.  of  silver  =  10.57. 

Solution.  —  Bepreaenting  by  x  the  length  in  metrei,  and  by  y  the 
diameter  in  millimetres,  we  deduce  by  [1]  y^  j  10.57  =  132.8,  and  by 
the  laws  of  conduction  -^  =  81.   Whence  «  =  36  m.,  and  ^  =  |  m.  m. 

5.  What  is  the  length  and  diameter  of  an  iron  wire  weighing  97.38 
grammes,  which  offeB||a  r^kLAance  of  9,072  units  1  It  is  known  that 
the  Sp.  Or.  of  the  irdf '=  7.75  and  its  Sp.  R.  ==  7. 

Ans.   Length,  144  m. ;  diameter,  |  m.  m. 

6.  From  a  given  wire  there  are  four  branches,  of  which  the  resist- 
ance is,  respectively,  10,  20,  30,  and  40.  Bequired  the  total  resistance 
when  the  current  passes  simultaneously  through  the  four  branches. 

Solution.  —  The  resistance  in  the  first  branch  may  be  represented 
by  a  normal  silver  wire  10  m.  long  and  1  m.  m.  in  diameter.  If  we  call 
the  area  of  a  transverse  section  of  this  wire  «,  then  the  resistance  in  the 
other  three  branches  will  be  represented  by  normal  wires  of  the  same 
length,  but  having  on  the  cross  sections  the  areas  ^s,  ^e^  and  | «,  re- 
spectively. If  next  we  conceive  of  these  wires  as  merged  in  one,  hav- 
ing the  common  length  10  m.  and  an  area  on  the  section  equal  to 
(1  +  J  -h  J  +  J) «,  it  is  evident  that  such  a  wire  will  represent  the 
resistance  required.     Hence  we  easily  deduce,  —  Ans.   4.8. 

7.  A  closed  circuit  has  two  branches,  through  which  the  current 
passes  simultaneously.  In  one  branch  r  =  100.  What  length  of 
copper  wire  5  m.  m.  in  diameter  must  be  used  for  the  other  that  the 
total  r  =  50 1  Ans.   2,500  metres. 

8.  A  conductor  has  two  branches,  one  having  r  =  756,  the  other 
so  adjusted  that,  when  the  current  passes  at  the  same  time  through 
both,  the  total  resistance  equals  540.  Sequired  the  length  of  a  Grer- 
man  silver  wire  ^  m.  m.  in  diameter  and  Sp.  R  =  12.5,  which,  when 
inserted  in  the  adjusted  branch,  will  increase  the  total  resistance 
to  630. 


{101.]  QUESnOMS  AKD  PROBLEMS.  239 

Solution. — By  the  principle  of  the  last  problem  we  easily  find  that 
the  resistance  in  the  adjusted  branch  before  insertion  equals  1,890, 
and  after  insertion,  3,780.  The  difference  between  these  vdues,  1,890, 
is  the  resistance  due  to  the  inserted  wire.  Ho^ce  its  length  must  be 
37.8  metres. 

9.  We  have  a  battery  of  six  Daniell  ceUs,  in  each  of  which  E^  475,. 
J?  =:  15,  and  the  external  resistance  against  which  the  battery  is  to 
work,  r  =  10.  The  cells  may  be  arranged,  1st,  as  six  single  elements ; 
2d,  as  three  doable  elements ;  *  3d,  as  two  threefold  elements ;  4th, 
as  one  sixfold  element.     Bequired  the  cunent  strength  in  each  case. 

Ans,  28.5,  43.8,  47.5,  and  38.0,  respectively. 

10.  We  have  a  battery  of  twelve  Grove  cells,  in  each  of  which 
£z=  830,  and  J?=  18,  to  work  against  \n.  ^temal  resistance  of 
r  =  24.  Bequired  the  strength  of  current  whenphe  cells  are  aiTanged, 
lst»  as  twelve  single ;  2d,  as  six  twofold ;  3d,  as  four  threefold ;  4th, 
as  three  fourfold ;  5th,  as  two  sixfold ;  and  6th,  as  one  twelvefold 
element.        Ans.   41.5,  63.8,  69.2,  66.4,  55.3,  and  32.5,  respectively. 

11.  With  a  single  cell,  where  E  and  B  have  a  constant  value,  what 
is  the  maximum  strength  of  current,  and  under  what  conditions  would 

^        ^     ^"  Ans.  ^,  when  the  external  resistance  is  nothing. 

12.  With  n  ceUs,  in  each  of  which  E  and  R  have  the  same  value, 
what  is  the  maximum  strength  of  current,  and  under  what  conditions 
would  it  be  obtained  f 

E 
Ans.  n  5,  when  the  ceUs  are  arranged  as  one  »-fold  element,  and 

work  against  no  external  resistance. 

13.  With  n  cells,  as  above,  working  against  a  given  external  resist- 
ance r,  how  should  they  be  arranged  so  as  to  obtain  the  maximum 
value  of  C7t 

An&   So  as  to  make  the  internal  resistance  equal  to  that  of  the 
external  circuit. 

*  By  doable  elements  is  meant  a  group  of  two  cells  coupled  for  quantity 
(S  96)  and  equivalent  to  a  large  cell  having  plates  of  twice  the  sue.  Six  doable 
elements  are  six  such  groups  arranged  for  intensity,  and  the  other  tenna  have  a 
similar  meaning. 
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Solutum. — If  x  lepieBents  the  number  of  compound  elements  fixrmed 
with  the  n  cells  when  G  in  Ohm's  formola  is  a  maximnmi  we  should 
evidently  have  under  this  condition  x  compound  elements^  each  formed 

of  -  cells.    The  electromotive  force  of  such  an  arrangement  would  be 

zB.    The  internal  resistance  would  be  xB  -i-  -  =  —  i?  (compare  Ph)b- 

lems  8  and  9),  and  the  strength  of  the  tnftyimnm  current  required, 

xE 
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That  is,  the  strength  of  the  current  is  at  its  maximum  when  the  inter- 
nal equals  the  external  resistance,  as  stated  above.  Those  who  are 
not  familiar  with  the  elementary  principles  of  the  differential  calculus 
may  satisfy  themselves  of  the  truth  of  this  result  by  comparing  the 
answers  obtained  to  Problems  8  and  9. 

14.  We  have,  in  the  first  place,  for  a  single  cell  of  a  given  combi- 
nation  working  against  a  feeble  resistance,  the  value  C  =  p  ,     ;  in 

JtC  ^  T 

the  second  place,  for  n  cells  of  the  same  combination  working  against 

nE 
n  times  the  resistance,  the  identical  value  C=    p  .       .     In  strength 

the  two  currents  are  equal,  but  are  they  identical  f 

15.  In  a  given  cell  J?  =  475 ;  J?  =  15.  The  current  passes  through 
30  metres  of  pure  copper  wire  2  m.  m.  in  diameter.  It  is  required  to 
arrange  8  ceUs  so  that  C  may  be  the  greatest  possible. 

Ans.  They  should  be  arranged  as  two  fourfold  elements. 

16.  We  have  a  battery  of  four  Bunsen  cells  (E  =  800,  B=i  each), 
coupled  as  four  single  elements.    The  circuit  is  closed  through  500 


I 


The  first  differential  coefficient  of  this  function  of  x  when  C  is  a  ' 

maximum  must  be  equal  to  zero.     Hence, 
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giamxnes  of  pore  copper  wire.  Bequiied  the  greatest  strength  of  cnr- 
lenti  and  the  dimensions  of  the  wire,  diat  this  maximum  may  be 
obtained* 

17.  A  simple  Voltaic  celly  whose  electromotive  force,  E^  is  known, 
working  against  an  unknown  total  resistance  R'  (both  external  and 
internal),  produces  a  given  effect  upon  a  galvanometer.  Another  cell 
differently  constructed,  working  against  a  total  resistance  ^'',  also  un- 
known, produces  the  sqme  effect  upon  the  galvanometer.  It  is  also 
observed  that  a  measured  length,  /,  of  normal  copper  wire,  inserted  in 
the  first  circuit,  produces  on  the  galvanometer  the  same  difference  of 
effect  as  a  length,  V^  inserted  in  the  second  circuit.  Eequired  the  elec- 
tromotive force,  i^,  of  the  second  cell. 

Solution,  — We  easily  deduce  from  Ohm's  formula  the  two  equations 
E      W       .      E  E'  ,  , ,  . 

Ans.  Ef  —  E-. 

18.  In  order  to  determine  the  electromotive  force  of  a  Bunsen  ceU, 
it  was  compared,  as  in  the  last  problem,  with  a  Daniell  cell  whose  elec- 
tromotive force  was  known  to  be  470.  After  adjusting  the  external 
resistances  so  that  both  produced  the  same  effect  upon  the  galvanometer, 
it  was  found  that  the  insertion  of  5.6  m.  of  copper  wire  into  the  first 
circuit  caused  the  same  change  in  the  instrument  as  the  insertion  of 
3.29  metres  of  the  same  wire  in  the  circuit  of  the  Daniell  cell.  What 
was  the  electromotive  force  sought  1  Ans.   800. 

19.  A  battery  of  40  Bunsen  cells  remains  closed  for  an  hour,  and 
during  that  time  furnishes  a  current  whose  strength  C  =  30.  How 
much  zinc  will  be  consumed  in  this  time,  assuming  that  there  is  no 
local  action  t 

Solution.  —  Such  a  current  would  produce,  by  the  electrolysis  of  water, 
30  c.  m."  of  gas  in  one  minute,  or  1.8  litres  in  one  hour.  Of  this  gas 
1.2  litres  or  1.2  criths  would  be  hydrogen.  The  chemical  equivalent 
of  zinc  being  32.6,  the  amount  of  ziiic  dissolved  in  each  cell  must  be 
1.2  X  32.6  =  39.12  criths,  and  in  the  40  cells,  1,564.8  criths,  equal 
to  140  grammes,  the  answer  required. 

20.  In  an  electrotype  apparatus  (Fig.  20)  16.36  grammes  of  copper 
were  deposited  on  the  negative  mould  in  24  hours.  What  was  the 
strength  of  current  1  Ans.  6  units. 

16 
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21.  In  an  electrotype  apparatus  the  electromotive  force  of  the  single 
cell  employed  is  420,  and  the  internal  resistance  5.  The  external  re- 
sistance, including  decomposing  cell,  is  0.25.  How  much  copper  will 
be  deposited  on  the  negative  mould  in  one  hour,  and  how  much  zinc 
will  be  dissolved  in  the  battery  during  the  same  time  ? 

Ans.   9.088  grammes  of  copper  and  9.346  grammes  of  zinc 

22.  Thirty-two  Grove  cells  (E  =  830,  ^  ==  20  each)  are  connected 
as  4  eightfold  compound  elements,  and  the  current  employed  to  work 
an  electro-silvering  apparatus,  in  which  the  total  resistance  external  to 
the  battery  was  equivalent  to  10.  Required  the  number  of  grammes 
of  silver  deposited  each  hour,  and  the  number  of  grammes  of  zinc 
dissolved  during  the  same  time  in  the  battery. 

Ans.   64.24  grammes  of  silver  and  77.56  grammes  of  zinc 

23.  Assuming  that  the  external  resbtance  cannot  be  changed,  could 
the  same  number  of  cells  of  the  battery  described  in  the  last  problem 
be  so  arranged  as  to  deposit  more  silver  in  the  same  time  1 

Ans.    They  could  not. 

Could  they  be  so  arranged  as  to  deposit  the  same  amount  of  silver 
with  less  expense  of  zinc  1  What  would  be  the  most  economical  ar- 
rangement, and  under  these  conditions  how  much  silver  would  be 
deposited  in  one  hour,  and  how  much  zinc  dissolved  1 

Answer  to  the  last  question,  30.25  grammes  of  silver  and  9.13 
grammes  of  zinc. 

24.  What  is  the  current  through  25  Ohms  with  a  tension  of  5  Volts  \ 

Ans.   C'  =  I  =  25"^-iS  ^  ^'^  ^  ^^*'  ^'  ^'^  Megafarad. 

25.  What  is  the  work  done  by  a  current  of  5  Megafarads  per  second 
through  a  resistance  of  10  Ohms? 

Ans.  W=  CJ^t  =  (5  X  lO-y  X  10  X  lO'  =  250,000  unite  per 
second. 

26.  WiaX,  is  the  work  done  by  1,000  Farads  in  falling  in  tension 
1  Volt  % 

Ans.  ir=  C^  =  1,000  X  10-«  X  10*  =  1,000  X  10-*  =  1  unit  of 
work.     Hence  9,800  VoltfiEkrads  equal  1  metre-gramme 

27.  What  would  be  the  answers  to  Problem  10  in  B.  A.  unite) 
Assuming  that  nine  tenths  of  the  external  resistance  is  in  a  coil  of 
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platinum  wire  surrounded  by  a  kilogramme  of  vater,  how  high  would 
the  tempeiature  of  the  water  be  laised  in  ten  miuuteat 

28.  Asauining  that  in  the  eyatem  of  "■■  **■ 
GonductorsrepresentedinFig.  21,  f  rep- 
resents the  electromotive  force  of  the 
voltaic  element,  jR  the  total  resistance 
of  the  main  conductor  aEb,  £,  and  R^ 
the  resistanoea  of  the  two  conductors 
into  which  the  main  stream  divides,  find 
the  values  of  the  three  corresponding  currents  C,  Gy,  and  C,,  in  terms 
of  E,  R,  R^,  and  R^.    Prove  also  that  (7,  :  C,  =  /^  :  ^i,  and  further, 

thata  =  C  p    ,*      otC.  =  C  ■^■^-^.   Lastly, show  that  the  eqniva- 

ih  +  'H  *i  +  ^ 

lent  resistance  of  any  number  of  branches  may  be  found  by  adding 
together  the  reciprocals  of  each  branch 
and  taking  the  reciprocal  of  this  sum. 
A  conductor  like  R^,  which  diverts  a 
portion  of  the  main  cnrreut  from  R^, 
is  called  a  shunt,  and  if  R^  is  the  coil 
of  a  galvanometer,  the  galvanometer 
would  be  said  to  be  shunted  by  R^, 
and  by  adjusting  the  value  of  ^  to 
^,  we  can  cause  a  known  fraction  of 
the  whole  current  to  pass  through  the  instrument. 

29.  In  the  system  of  conductors  represented  in  Fig.  22,  called  Wheot- 
stone's  bridge,  no  current  passes  over  the  bridge  between  c  and  d 
when  Ri  :  R^  =  R, :  R^.  Prove  the 
troth  of  this  proposition,  and  show 
how  it  may  he  applied  for  measuring 
resistances  when  we  have  a  set  of 
standard  resistance  coils. 

30.  In  the  system  of  condnctors^ 
represented  in  Fig.  23,  prove  that  no 
current  passes  in  the  portion  aE'h 

when  -=■  =  B  I    D  >  "I'd  consider  how 
jK       ■«+ v^ 

the  system  may  be  used  for  comparing  the  electromotive  force  of  dif- 
ferent cells. 


CHAPTEE  XVI. 


CRYSTALLINE  FORMS. 


102.  Relatioiui  to  Chemistry.  —  Almost  erery,  substance  affects 
a  definite  polyhedral  form,  although  it  may  manifest  this  tendency 
only  under  favorable  conditions  Such  forms  are  called  crystals, 
and  the  process  of  crystalline  growth,  or  development,  is  called 
crystallization.  The  one  essential  condition  of  crystallization  is 
a  certain  freedom  of  motion,  and  crystals,  more  or  less  perfect, 
are  usually  formed  whenever  a  molten  liquid  "  sets,"  or  a  solid 
is  deposited  from  a  condition  of  solution  or  of  vapor;  and  in 
each  case,  the  slower  the  process,  the  larger  and  the  more  perfect 
are  the  crystals.  The  crystalline  condition  is,  in  fact,  the  normal 
state  of  solid  matter.  It  is  true  that  there  are  a  few  substances 
which,  like  glue,  are  only  known  in  the  colloid  state;  but  in 
most  of  the  so-called  colloid  substances  this  state  is  abnormal, 
and  there  is  a  constant  tendency  to  crystallization.  Moreover, 
its  peculiar  crystalline  form  is  one  of  the  most  characteristic, 
and  apparently  one  of  the  most  essential,  properties  of  a  sub- 
stance, and  is  therefore  of  great  value  in  determining  its  chemical 
affinities.  The  study  of  the  geometrical  relations  of  these  forms 
is,  however,  in  itself  a  separate  science,  and  in  this  connection 
we  can  only  dwell  on  the  few  elementary  principles  of  the  sub- 
ject on  which  our  system  of  chemical  classification  in  part  rests. 

103.  Definitioiia.  —  In  the  forms  of  crystals  the  idea  of  sym- 
metry is  the  great  controlling  principle.  Each  substance  follows 
a  certain  law  of  symmetry,  which  seems  to  be  inherent,  and  a 
part  of  its  very  nature ;  and  when  from  any  cause  the  character 
of  the  symmetry  changes,  the  substance  loses  its  identity,  and, 
even  if  its  chemical  composition  remains  the  same,  it  becomes, 
to  all  intents  and  purposes,  a  different  substance.  In  every 
crystal  the  syxtunetry  points  to  a  few  directions,  to  which  not 
only  the  position  of  the  planes,  but  also  the  physical  properties 
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of  the  body,  are  closely  related.    Certain  of  these  directions,  more 
or  less  arbitrarily  chosen,  are  called  the  axta  of  the  crystals,  and 
a  erystaUine/orm  may  be  defined  as  a  group  of 
similar  planes  Bymmetrically  disposed  around 
these  axes.    As  is  evident  from  this  definition, 
a  crystalline  form,  like  a  geometrical  form,  is  a 
pure  abstraction,  and  this  conception  ia  care- 
fully to  be  kept  distinct  from  the  idea  of  a 
crystal,  which  implies  not  only  a  certain  form, 
but  also  a  certain  structure.    Moreover,  in  by 
far  the  lai^ger  number  of  cases  the  same  crystal 
is  bounded  by  several  forma.     Thus,  in  Fig.  24, 
which  represents  a  ciystal  of  common  quartz,  the  planes  of  the 
prism  and  the  planes  of  the  pyramid  are  distinct  crystalline  forms. 

104.  SjatwiM  of  CryataLi.  —  A  careful  study  of  the  forms  of 
crystals  has  shown  that  these  forms  may  be  classified  under  six 
crystalline  systems,  each  of  which  is  distinguished  by  a  peculiar 
plan  of  symmetry.  These  divisions,  it  is  true,  are  in  a  measure 
arbitrary,  for  here,  as  elsewhere  in  nature,  no  sharp  dividing 
lines  are  found ;  but  nevertheless  the  distinctions  on  which  the 
classification  rests  are  clearly  marked.  We  can  only  give  in  this 
book  a  very  imperfect  idea  of  these  several  plans  of  symmetry 
by  representing  with  figures  a  few  of  the  more  characteristic 
forms  of  each. 

105.  Unfa  or  IsoiiMtTio  ByBtnn.*  —  The  three  most  frequently 
occurring  forms  of  this  system  are  the  regular  octahedron,  the 

ni.a».  vii  M. 


rhombic  dodecahedron,  and  the  cube  (Figs.  25,  26,  and  27).    These 

and  all  the  other  forms  of  the  system  may  be  regarded  as  grouped 

•  Cklled  also  n 
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around  three  equal  and  similar  axes  at  right  angles  to  each  other, 
and  hence  the  name  iaometrie  (equal  dimensions).  They  present 
the  same  symmetry  on  all  sides,  and  the  appearance  of  the  form 
is  identical,  whichever  axis  is  placed  in  a  vertical  position.  In 
this  system  no  variation  in  the  relative  positions  or  lengths  of 
the  axes  is  possible,  for  this  -would  change  the  plan  of  symtnetiy 
on  which  the  system  is  based. 

106.  Second,  or  Tetragonal  SyatMii.*  —  The  plan  of  symmetry 
in  this  system  is  best  illustrated  by  the  square  octahedron  (Fig.  28). 
Of  this  form  the  basal  section  (Fig.  29)  is  a  square,  and  to  this  fact 
n(.i9. 


the  name  of  the  system  refera  The  vertical  section,  on  the 
other  hand,  is  a  rhomb  (Fig.  30).  Here,  as  in  the  first  system, 
the  forms  may  all  be  referred  to  three  rectangular  axes,  but  only 
two  have  the  same  length ;  the  third  may  be  either  longer  or 
shorter  than  the  otliers.  The  last  is  the  dominant  axis  of  the 
form,  and  hence  we  always  place  it  in  a  vertical  position,  and 
call  it  the  vertical  axis.  The  lengtli  of  the  vertical  axis  bears  a 
constant  ratio  to  that  of  the  lateral  axes  in  all  crystals  of  the 


same  sabstance,  but  this  ratio  difiera  very  greatly  for  different 
substances,  and  is  therefore  an  important  crystallographic  char- 
acter. The  familiar  square  prism  is  another  veiy  characteristic 
form  of  this  system. 

*  Called  tlso  djnietric. 
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Moreover,  the  planes  both  of  the  prism  and  of  the  octahedron 
may  have  differeDt  positions  with  reference  to  the  lateral  axes, 
03  is  shown  by  the  two  basal  sections  (Figs.  31  and  32) ;  and  this 
leads  us  to  distinguish  two  square  prisma  and  two  square  octa- 
hedrons, one  of  which  is  said  to  be  the  inverse  of  the  other. 

107.  Third,  or  HexftKonai  ByBtem.  —  In  the  last  system  the 
ploues  were  arranged  by  fours  around  one  dominant  axis,  while 
in  this  system  they  are  arranged  by  sixes.  The  most  character- 
istio  forms  of  this  system  are  the  hexagonal  pyramid  (Fig.  33), 


and  the  hexagonal  prism  (Fig.  34).  The  basal  section  through 
either  of  these  forms  is  a  regular  hexagon  (Fig.  35),  and,  besides 
the  dominant  or  vertical  axis,  we  also  distinguish  as  lateral  axes 
the  three  diagonals  of  this  hexagonal  section.  These  lateral 
axes  stand  at  right  angles  to  the  vertical  axis,  but  between  them- 
selves they  subtend  angles  of  60°.  Here,  as  before,  the  ratio  of 
the  length  of  the  vertical  axis  to  the  common  length  of  the 
lateral  axes  has  a  constant  value  on  crystals  of  the  same  sub- 
ii,.sr. 


stance,  but  differs  very  greatly  with  diETerent  substances,  the 
vertical  axis  being  sometimes  longer  and  sometimes  shorter  than 
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the  other  three.  The  rhomholiedioD  (Fig.  36)  and  the  scaleno* 
hedton  (Fig.  37}  are  also  forms  of  this  system,  end  occur  eves 
more  frequenUy  than  the  more  typical  forms  first  mentioned. 
Lastly,  a  difference  of  position  in  the  planes  of  the  prism  or 
pyiamid  with  reference  to  the  lateral  axes  gives  rise  is  this 
system  to  the  same  distinction  between  the  direct  and  the  in- 
verse  forms  as  in  the  last. 

108.  Fourth,  or  Orthorliombio  Syatem.*  —  The  most  character- 
istic forms  of  this  system  are  the  rhombic  octahedron  (Fig.  38) 
and  the  right  rhombic  prism,  from  which  the  system  takes  its 
name.  The  three  principal  sections  of  the  octahedron,  repre- 
sented by  Figs.  39,  40,  and  41,  and  also  the  basal  section  of  the 


prism,  are  all  rhombs,  whose  relations  to  the  form  are  indicated 
by  the  lettering  of  the  figures.  We  easily  distinguish  here  three 
axes  at  r^ht  angles  to  each  other,  but  of  unequal  lengths,  and  in 
regard  to  the  ratios  of  these  lengths  the  remarks  of  the  last  two 
sections  are  strictly  applicable. 

109.  Fifth,  or  MonooUnio  Syatam.  —  The  forms  classed  together 
under  this  system  may  be  referred  to  three  unequal  axes,  one  of 
which  stands  at  right  angles  to  the  plaTie  of  the  other  two,  while 
they  are  inclined  to  each  other  at  an  angle  which,  though  con- 
stant on  crystals  of  the  same  substance,  varies  very  greatly  with 
different  substances,  as  vary  also  the  relative  dimensions  of  the 
axes  themselves.  Fig.  42  represents  an  octahedron  of  this  sys- 
tem, and  Figs.  43  and  44  represent  two  sections  made  through 
the  edges  FF  and  DI/  of  this  form.  A  section  through  the  edges 
•  (Med  tlM  trimetric 
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CC  voold  1)6  similar  to  Fig.  43,  and  these  thxee  sectiona  give  a 
clear  idea  of  the  relative  positiona  of  the  axea.  The  section 
(Fig.  44)  costaiuiog  the  two  oblique  axes  is  called  the  {dane  of 
symmeby,  and  the  faces  on  all  monodinic  ciystals  ore  disposed 
Bj-mmetrically  solely  with  reference  to  this  plane.    In  a  word. 


the  symmetry  is  bilateral,  and  correaponds  to  the  type  with 
which  we  are  so  familiar  in  the  structure  of  the  human  body. 
This  plan  of  symmetry  is  well  illustrated  by  Figs.  45,  46,  and  47, 
which  represent  the  commonly  occurring  forms  of  gypsum,  augite, 
and  felspar,  three  of  the  most  common  minerals.  These  figures, 
however,  do  not,  like  those  of  the  previous  sections,  represent 
Bimple  ciystalline  forms.  The  crystals  here  represented  are  in 
each  case  bounded  by  several  forms,  and  indeed  in  this  system 
Buch  compound  forms  are  alone  possible,  for  no  simple  monocliuia 
form  can  of  itself  enclose  space. 


110.  Sixth,  or  TrloUido  STatotn.  —  This  system  ia  distinguished 
by  an  almost  complete  want  of  symmetry.  Only  opposite  planes 
are  similar,  and  two  such  planes  constitute  a  complete  ciys- 
tatline  form.  Hence  on  every  crystal  there  must  be  at  least 
three  simple  forms.    We  may  refer  the  planes  of  any  crystal  to 
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"<■  *••_  _  three  unequal  axes  all  oblique  to  each  other,  but 
the  poaitiou  we  assign  to  them  is  quite  arbitmrjr, 
and  they  have  therefore  little  value  aa  cryatallo- 
graphic  elements.  Fig,  48  represents  a  crystal 
of  sulphate  of  copper,  one  of  the  veiy  few  sub- 
stances which  crystallize  in  this  system. 

111.  Modlflokticma  on  Cryatali.  —  When  sev- 
eral crystalline  forms  appear  on  the  same  crystal,  some  one  is 
usually  more  prominent  or  dominant  than  the  rest,  and  gives  to 
the  crystal  its  general  aspect,  the  planes  of  the  secondary  forms 
only  appearing  od  its  edges  or  solid  angles,  which  are  then  said  to 
be  modified  or  replaced.  Thus,  in  Figs.  49, 50,  and  51,  the  solid 
angles  of  a  cube  are  replaced  (or  truncated)  by  the  faces  of  an  octa- 
hedron ;  in  Fig.  52  the  edges  of  the  cube  are  replaced  by  the  faces 
of  the  dodecahedron;  in  Fig.  53  the  edges  of  the  octahedron  are 
modified  in  the  same  way ;  and  in  Fig.  54  the  solid  angles  of  a 
dodecahedron  are  replaced  by  the  laces  of  an  octahedron.    These 

ri(.  49.  lie.  60.  Hi.  gl 


are  all  forms  of  the  isometric  system ;  and  the  relations  of  the 
simple  forms  to  each  other,  which  determine  in  every  case  the  po- 
sition of  the  secondary  planes,  will  be  readily  seen  on  comparing 
together  the  figures  already  given  on  page  245.  These  figures, 
like  all  crystaU<^rapbic  drawings,  are  geometrical  projections,  and 
represent  the  planes  in  the  same  relative  position  towards  the 
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cr3rstallme  axes  which  the;  hare  on  the  ciyatal  itsel£  Moreover, 
Biuce  in  all  figures  of  ciyatals  of  this  system  the  axes  are  drawn 
in  absolutely  the  same  position  on  the  plane  of  the  paper,  Uie 
same  face  has  also  the  same  position  throughout. 


As  a  general  rule,  all  the  timilar  parts  of  a,  erystal  are  simul- 
taneously and  simiiarly  modified.    This  important  law,  which  ia 


a  simple  inference  from  the  principles  already  stated,  is  illustrated 
by  the  figures  just  given,  and  also  by  Figs.  55  to  70.    By  carefully 


studying  these  fignres,  as  well  as  Figs.  45  to  48  on  pages  249, 
250,  the  student  will  be  able  to  refer  each  of  the  compound  crys- 
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tala  here  represented  to  one  of  the  eeveral  systems  of  symmetiy 
already  described,  and  &om  this  and  simiUr  practice  he  will  learn, 
better  than  &om  sjiy  descriptions,  bow  clearly  the  modifications 
on  a  ciystftl  point  out  its  crystallographic  relations. 

112.  Hamlhodral  Fonu.  —  To  the  Uw  governing  the  modifica- 
tions of  crystals  just  stated,  there  is  one  important  exception. 


It  not  unfrequently  happens  that  Tudf  the  aimiiar  parts  of  a 
crystal  are  modified  ijidependenttx/  of  the  other  half.    Thus  in 


Fig.  71  only  one  half  of  the  solid  angles  of  the  cube  are  truncated. 
The  modifying  form  in  this  case  is  the  tetrahedron  (Fig.  73), 


also  a  simple  form  of  the  isometric  system.    When  all  the  solid 
angles  of  the  cube  are  truncated,  the  modifying  form,  as  has 
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been  ahown,  is  the  octahedron,  and  the  relation  which  the  tetra- 
hedron bears  to  the  octahedron  is  shown  by  Fig.  72,  The  rhom- 
bohedron  (Fig.  74)  stands  in  a  aimilar  relation  to  the  hexagonal 
pyramid  (Fig.  75).  From  these  figutea  it  is  evident  that,  while 
the  octahedron  and  the  hexagonal  pyramid  have  all  the  planes 
which  perfect  symmetry  requires,  the  tetrahedron  and  the  rhom- 


bohedron  have  only  half  the  number,  and  in  crystallography  all 
forms  which  bear  a  aimilar  relation  to  the  forms  of  perfect  sym- 
metry are  said  to  be  A«mthedra1,  while  the  forma  of  perfect 
symmetry  are  dlstingnished  as  Ao^ohedraL  The  hemibedral 
forms  are  quite  numerous  in  all  the  systems,  but  with  the  ex- 
ception of  the  tetrahedron,  rhombohedron,  and  scalenohedron 
(Fig.  37),  they  seldom  appear  except  as  modifying  planes  on  the 
edges  or  solid  angles  of  the  more  perfect  forms.  As  a  general 
rule,  they  are  easily  recognized,  but  not  un&equently  they  give 
to  a  crystal  the  aspect  of  a  different  system  from  that  to  which 
it  really  belongs,  and  may  lead  to  false  inferences ;  but  these  can, 
in  most  cases,  be  corrected  by  a  careful  study  of  the  interfaciftl 
angles. 

113.  Idsntlty  of  CrrstaUlna  Form.  —  As  has  already  been 
stated,  every  substance  is  marked  by  certain  peculiarities  of  out- 
ward form,  which  are  among  its  most  essential  qualities,  and  we 
must  next  learn  in  what  these  peculiarities  consist  As  a  general 
rule,  the  same  substance  crystallizes  in  the  same  form,  but  under 
unusual  ciroumstances  it  frequently  appears  in  other  forms  of 
the  same  system.  Thus  fluor-spar  is  usually  found  crystallized 
in  cubes,  but  in  large  collections  crystals  of  this  mineral  may  be 
seen  in  almost  all  ^e  bolohedial  forma  of  the  iaometrio  system, 
including  their  numerous  combinations.   In  like  manner  common 
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salt  osaally  ciystallizes  in  cubes,  but  out  of  a  solution  containing 
urea  it  frequently  cryBtallizes  in  octahedrons.  Moreover,  the 
same  principle  holds  true  in  regard  to  substances  crystallizing  in 
other  systems,  most  of  whose  forms  never  appear  except  in  com- 
bination. Thus  the  mineral  quartz  generally  shows  the  simple 
combination  represented  in  Fig.  24 ;  but  more  than  one  hundred 
other  forms  —  all,  however,  belonging  to  the  same  system  —  have 
been  observed  on  crystals  of  this  well-known  substanca  So  also 
the  crystals  of  gypsum,  augite,  and  felspar  in  most  cases  present 
the  forms  already  figured  on  page  249,  although  other  forms 
are  common,  which,  however,  all  belong  to  the  same  crystalline 
system.  We  never  find  the  same  substance  in  the  forms  of  dif- 
ferent systems  except  in  those  cases  of  polymorphism  already 
described  (page  139),  where  the  differences  in  other  properties 
are  so  great  that  the  bodies  can  no  longer  be  regarded  as  the 
same  substance. 

Among  substances  crystallizing  in  the  isometric  system  the 
cr^'stalline  form  is  not  so  distinctive  a  character  as  it  is  in  other 
cases.  In  this  system  the  relative  dimensions  are  invariable, 
and  the  octahedron,  the  dodecahedron,  and  the  cube,  more  or  less 
modified  by  different  replacements,  are  the  constantly  recurring 
forms.  Even  here,  however,  specific  differences  may  at  times  be 
found  in  the  fact  that  some  substances  affect  bemihedral  forms 
on  modification,  while  others  do  not  In  all  the  other  systems 
the  dimensions  of  the  crystal  (the  relative  lengths  of  its  axes 
and  the  values  of  the  interaxial  angles)  distinguish  each  sub- 
FfM-  stance  from  eveiy  other.    But  here,  also,  the 

general  statement  must  be  somewhat  modified. 
We  frequently  find  on  the  crystals  of  the 
same  substance  several  forms  having  different 
axial  dimensions.  Thus,  on  the  crystal  repre- 
sented by  Fig.  76,  belonging  to  the  tetragonal 
system,  there   are  three  different  octahedrons, 

and  three  corresponding  values  of  the  vertical 

axis.  But  if,  beginning  with  the  planes  of  the  octahedron  0,  we 
determine  the  ratio  which  its  vertical  axis  bears  to  the  common 
length  of  the  two  lateral  axes,  and  call  this  value  a,  we  shall 
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find  that  the  corresponding  values  for  the  two  other  octahedrons 
are  2  a  and  J  a,  respectively.  Moreover,  if  we  extend  our  study 
we  shall  also  find  that  this  example  illustrates  a  general  principle, 
and  that  the  crystalline  forms  of  a  given  stibstance  include,  not  mUy 
those  of  identical  axial  dimensions,  hut  also  those  whose  dimensions 
hear  to  each  other  some  simple  ratio. 

This  most  important  law  gives  to  the  science  of  crystallography 
a  mathematical .  basis,  and  enables  us  to  apply  the  exhaustive 
methods  o^  analytical  geometry  in  discussing  the  various  rela- 
tions of  the  subject.  Among  the  actual  forms  of  a  given  sub- 
stance we  fix  on  some  one  as  the  fundamental  form,  and,  taking 
the  values  of  its  axial  dimensions  as  our  standards,  we  are  able 
to  express  the  position  of  the  planes  of  all  the  possible  forms  by 
means  of  very  simple  symbols,  and  also  to  express  by  mathe- 
matical formuhe  the  relations  of  the  interfacial  angles  to  the 
same  fundamental  elements  of  the  crystal ;  so  that  the  one  may 
readily  be  calculated  from  the  other. 

It  may  seem  at  first  sight  that  the  crystallographic  distinction 
between  difierent  substances,  insisted  on  above,  is  greatly  ob- 
scured by  the  important  limitations  just  made.  But  it  is  not  so, 
at  least  to  any  great  extent.  The  selection  of  the  fundamental 
form  of  a  given  substance  is  not  arbitrary,  although  it  is  based 
on  considerations  which  it  lies  beyond  the  scope  of  this  book  to 
discuss.  Moreover,  an  error  in  this  choice  is  not  fundamental, 
since  the  true  conception  of  the  form  of  a  substance  includes  not 
only  the  fundamental  form,  but  all  those  which  are  related  to  it 
This  conception,  though  not  readily  embodied  in  ordinary  lan- 
guage, is  easily  expressed  by  a  general  mathematical  formula, 
and  is  as  clear  to  one  familiar  with  the  subject  as  the  general 
statement  first  made. 

But,  however  obscure  to  those  who  are  not  familiar  with 
mathematical  conceptions  may, be  the  distinction  between  the 
forms  of  different  substances  in  the  same  system,  the  difference 
between  the  different  systems  is  clear  and  definite,  and  it  is 
with  this  broad  distinction  that  we  have  chiefly  to  deal  in  our 
chemical  classification. 

114.  ZrregulAritiM  of  CrystalA.  —  It  must  not  be  supposed  that 
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natural  crystals  have  the  same  perfection  of  fonu  and  regularity 
of  outline  which  our  figures  might  seem  to  indicate.  Is  addition 


to  being  more  or  less  braised  or  broken  ttom  accidental  causes, 
crystals  are  rarely  terminated  on  all  sides, — one  or  more  of  the 

ncSi. 

ItiW. 


faces  being  obliterated  where  the  raystal  is  implanted  on  the  rock, 
or  where  it  is  merged  in  other  ctystala.    But  t^  far  the  most 
ni.83. 


remarkable  phase  which  the  irregularities  of  crystals  present  is 
that  shown  by  Figs.  77  to  87.    By  comparing  together  the  figures 
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vhicb  have  been  here  gronped  ti^Uier  on  these  pages,  and  which 
represent  in  each  case  different  phases  of  the  same  ciystalline 
form,  it  will  be  seen  that  the  vaiiations  from  the  normal  type 
are  cansed  by  the  undue  development  of  certain  planes  at  the 
expense  of  their  aeighbora,  or  by  an  abnormal  growth  of  the 
ciystal  in  some  one  direction. 

Such  forms  as  these,  however,  altfaoogh  great  departures  from 
the  ideal  geometrical  types,  are  in  perfect  hannony  with  the 
principles  of  crystallography.  The  axis  of  a  crystal  is  not  a 
definite  line,  bnt  a  definite  direction ;  and  the  face  of  a  crystal 
is  not  a  plane  of  definite  size,  but  simply  an  extension  in  two 
definite  directions.  These  directions  are  the  only  fundamental 
elements  of  a  crystalline  form,  sod  they  are  preserved  under  all 

Vlf.Sl.  llf-SS. 
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conditaons,  as  is  proved  by  the  coQ8taiU7  of  the  interfacial  angles, 
and  of  the  modifications,  on  crystals  of  the  same  substance,  how- 
ever irregular  may  have  been  the  development 

115.  Twin  Cxyvtela. —  Every  crystal  appears  to  grow  by  the 
slow  accretion  of  material  around  some  nucleus,  which  is  usually 
a  molecule  or  a  group  of  molecules  of  the  same  substance,  and 
which  we  may  call  the  crystalline  molecule  or  germ.  Now  we 
most  suppose  that  these  molecules  have  the  same  difTereoces  on 
different  sides  which  we  see  in  the  ^dly  developed  crystal,  and 
which,  for  the  want  of  a  better  term,  we  may  call  polarity.  As 
a  general  rule,  in  the  a^r^atioo  of  the  molecules  a  perfect 
parallelism  of  all  the  similar  parts  is  preserved.  But  if  molec- 
ular polarity  at  all  resembles  magnetic  polarity,  it  may  well  be 
that  two  crystalline  molecules  might  become  attached  to  each 
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other  io  a  Tevened  position,  or  in  some  othv  definite  position 
determioed  hj  the  action  of  the  polar  forces.  Aasnme  now  that 
each  of  these  ciyatalline  moleculea  "  germinates,"  and  the  result 
would  be  snch  twin  crystals  as  we  actually  find  in  nature^  The 
result  is  usually  the  same  as  if  a  crystal  of  the  normal  form 

>l|.10. 
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were  cut  in  two  by  a  plane  having  a  definite  position  towards 
the  crystalline  axes,  and  one  part  tnrned  half  round  on  the 
other ;  and  twins  of  this  kind  are  therefore  called  hemitropes 
(Figs.  88  to  91).  At  other  times  the  germinal  molecnles  seem 
to  have  become  attached  with  their  dominant  axes  at  right 


angles  to  each  other,  and  then  there  result  twins  such  as  are 
represented  in  Figs.  92  and  93 ;  and  many  other  modes  of  twin- 
ning are  possible.  Some  substances  are  much  more  prone  to  t^e 
formation  of  twin  crystals  than  others,  and  the  same  substance 
generally  affects  the  same  mode  of  twinning,  which  may  thus 
become  an  important  specific  character.  The  plane  which  sepa- 
rates the  two  members  of  a  twin  crystal,  called  the  plane  of 
twinning,  has  always  a  definite  position,  and  is  in  every  case 
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parallel  either  to  an  actual  or  to  a  possible  &ce  on  both  of  the 
two  forms. 

Twin  crystals  always  preserve  the  same  symmetry  of  group- 
ing, and  the  values  of  the  interfacial  angles  between  the  two 
forms  are  constant  on  crystals  o(  the  same  substance,  so  that 
they  might  sometimes  be  mistaken  for  simple  ciystals  by  un- 
practised observers.  There  is,  however,  a  simple  criterion  by 
which  they  can  be  generally  distinguished.  Simple  crystals 
never  have  re-entering  angles,  and,  whenever  these  occur,  the 
faces  which  subtend  them  must  belong  to  two  individuals. 

The  same  principle  which  leads  to  the  formation  of  twin 
crystals  may  determine  the  grouping  of  several  germinal  mole- 
cules, and  lead  to  the  formation  of  far  more  complex  combinar 
tions.  Frequently,  as  it  would  seem,  a  large  number  of  molecules 
arrange  themselves  in  a  line,  with  their  principal  axes  parallel 
and  their  dissimilar  ends  together,  and  hence  result  linear  groups 
of  crystals  alternating  in  position,  but  so  fused  into  each  other 
as  to  leave  no  evidence  of  the  composite  character  except  the 
re-entering  angles,  and  frequently  these  are  marked  only  by  the 
striations  on  the  surface  of  the  resulting  faces.  Such  a  structure 
is  peculiar  to  certain  minerals,  and  the  resulting  striation  fre- 
quently serves  as  an  important  means  of  distinction.  The  ortho- 
clase  and  the  klinoclase  felspars  are  distinguished  in  this  way. 

116.  Crysumne  Btraotnre. — The  crystalline  form  of  a  body  is 
only  one  of  the  manifestations  of  its  crystalline  structure.  This 
also  appears  in  various  physical  properties,  which  are  frequently 
of  great  value  in  fixing  the  crystallographic  relations  of  a  sub- 
stance, and  such  is  especially  the  case  when,  on  account  of  the 
imperfection  of  the  crystals,  the  crystalline  form  is  obscure.  Of 
these  physical  qualities  one  of  the  most  important  is  cleavage. 

As  a  general  rule,  crystallized  bodies  may  be  split  more  or 
less  readily  in  certain  definite  directions,  called  planes  of  cleav- 
age, which  are  always  parallel  either  to  an  actual  or  to  a  possible 
face  on  the  crystals  of  the  substance,  and  are  thus  intimately 
associated  with  its  crystalline  structure.  At  times  the  cleavage 
is  very  easily  obtained,  when  it  is  said  to  be  eminerU,  as  in  the 
case  of  mica  or  gypsum,  which  can  readily  be  spUt  into  exceed- 
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ingly  thin  leaves,  while  in  other  cases  it  can  only  be  effected  by 
using  some  sharp  tool,  and  applying  considerable  mechanical 
force.  With  a  few  unimportant  exceptions  the  cleavage  planes 
have  the  same  position  on  all  specimens  of  the  same  substance. 
Thus  specimens  of  fluor-spar  may  be  readily  cleaved  parallel  to 
the  faces  of  an  octahedron  (Fig.  25),  those  of  galena  parallel  to  the 
faces  of  a  cube  (Fig.  27),  those  of  blende  parallel  to  the  faces  of  a 
dodecahedron  (Fig.  26),  and  those  of  calc-spar  parallel  to  the  faces 
of  a  rhombohedron  (Fig.  36).  In  these  cases,  and  in  many  others, 
the  cleavage  is  a  more  distinctive  character  than  the  external 
form,  and  can  be  more  frequently  observed,  and  we  gen.erally 
regard  the  form  produced  by  the  union  of  the  several  planes  of 
cleavage  as  the  fundamental  form  of  the  substanca 

Again,  we  always  find  that  cleavage  is  obtained  with  equal 
ease  or  difficulty  parallel  to  similar  faces,  and  with  unequal  ease 
or  difficulty  parallel  to  dissimilar  faces.  Moreover,  the  dissimilar 
cleavage  faces  thus  obtained  may  generally  be  distinguished  from 
each  other  by  differences  of  lustre,  striation,  and  other  physical 
characters ;  and  such  distinctions  are  frequently  a  great  help  in 
studying  the  crystallographic  relations  of  a  substance.  Similar 
differences  on  the  natursd  faces  of  crystals  are  also  equally  valu- 
able guides. 

But  of  all  the  modes  of  investigating  the  crystalline  structure 
of  a  body,  none  can  compare  in  efficiency  with  the  use  of  polar- 
ized light  It  is  impossible  to  explain  the  theory  of  this  beauti- 
ful application  of  the  principles  of  optics  without  extending  this 
chapter  to  a  length  wholly  incompatible  with  the  design  of  this 
book.  It  must  suffice  to  say,  that,  if  we  examine  with  a  polariz- 
ing microscope  a  thin  slice  of  any  transparent  crystal  of  either 
the  second  or  third  system,  cut  parallel  to  the  dominant  axis, 
we  see  a  series  of  colored  rings,  intersected  by  a  black  cross,  and 
it  is  evident  that  the  circular  form  of  the  rings  answers  to  the 
perfect  symmetry  which  exists  in  these  systems  around  the  ver- 
tical axis.  If,  however,  we  examine  in  a  similar  way  a  slice 
from  a  crystal  of  one  of  the  last  three  systems,  cut  in  a  definite 
direction,  which  depends  on  the  molecular  structure  and  must 
be  found  by  trial,  we  see  a  series  of  oval  rings  with  two  distinct 
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centres,  indicating  that  the  STmmetiy  ia  of  a  different  tjrpe. 
Moreover,  the  distribution  of  the  colors  around  the  two  centres 
corresponds  in  each  case  to  the  peculiarities  of  the  molbcular 
structure,  and  enables  us  to  decide  to  vhich  of  the  three  systems 
the  crystal  belongs. 

The  use  of  polarized  light  has  revealed  remarkable  differences 
of  structure  in  different  crystals  of  the  same  substance,  connected 
with  the  hemihedral  modifications  described  abova  Figures  94 
and  96  represent  crystals  of  two  varieties  of  tartaric  acid,  which 
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only  differ  from  each  other  in  the  position  of  two  hemihedral 
planes,  and  are  so  related  that,  when  placed  before  a  mirror,  the 
image  of  one  will  be  the  exact  representation  of  the  other.  The 
intermediate  Figure  95  represents  the  same  crystal  without 
these  modifications.  Since  the  solid  angles  are  all  similar,  we 
should  expect  to  find  them  all  modified  simultaneously;  but 
while  on  crystals  of  common  tartaric  acid  only  the  two  front 
angles  (as  the  figure  is  drawn)  are  replaced,  a  variety  of  this  acid 
has  been  discovered  having  similar  crystals  whose  hack  angles 
only  are  modified.  Now  it  is  found  that  a  solution  of  the  com- 
mon acid  rotates  the  plane  of  polarization  of  a  beam  of  light  to 
the  right,  whUe  a  similar  stJution  of  this  remarkable  variety 
rotates  the  plane  of  polarization  to  the  left.  This  difference  of 
crystalline  structure,  moreover,  ia  associated  with  certain  small 
differences  in  the  chemical  qoalities  of  the  two  bodies ;  but  the 
difference  is  so  slight  that  we  cannot  but  r^ard  them  as  essen- 
tially the  same  substance,  and  the  polarized  light  thus  reveals  to 
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us  the  beginnings  of  a  difference  of  stroctuief  which,  when  more 
developed,  manifests  itself  in  the  phenomena  of  isomerism.  It 
is  a  remarkable  fact,  worthy  of  Notice  in  this  connection,  that 
these  two  varieties  of  tartaric  acid  chemically  combine  with  each 
other,  forming  a  new  substance  called  racemic  acid. 

QUESnONB. 

1.  By  what  peculiar  mode  of  symmetxy  may  each  of  the  six  ciys- 
talline  systems  be  distiiiguished  1  How  may  ciystals  belonging  to  the 
first  system  be  recognized!  How  may  ciystak  of  the  second,  third, 
and  fourth  systems  be  distinguiBhed  by  studying  the  distribution  of  the 
similar  planes  around  their  terminations  or  dominant  axes  1  By  what 
peculiar  distribution  of  similar  planes  may  the  crystals  of  the  fifth  and 
sixth  systems  be  distingmshed  ttom  all  others  f  State  the  system  to 
which  each  of  the  crystals,  represented  by  the  various  figures  of  this 
chapter,  belongs,  and  give  the  reason  of  your  answer  in  every  case. 

2.  We  find  in  the  mineral  kingdom  two  different  octahedral  forms 
of  titanic  acid  belonging  to  the  tetragonal  system.  In  one  of  these 
forms  the  ratio  of  the  unequal  axes  is  1  : 0.6442,  in  the  other  it  is 
1 : 1.7723.    Can  these  forms  belong  to  the  same  mineral  substance) 
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117.  OMiMnd  PrlaoiplM.  —  The  glimpses  that  we  have  heen 
able  to  gain  of  the  order  in  the  constitution  of  matter  give  us 
grounds  for  believing  that  there  is  a  unity  of  plan  pervading  the 
whole  scheme,  and  encourage  a  confident  expectation  that  here- 
after, when  our  knowledge  becomes  more  complete,  we  may  attain 
to  at  least  such  a  partial  conception  of  this  plan  as  will  enable 
us  to  classify  all  substances  under  some  natural  system ;  and  in 
imagination  we  may  even  look  forward  to  the  time  when  science 
will  be  able  to  express  all  the  possibilities  of  this  scheme  with  a 
few  general  formulss,  by  which  we  can  predict  with  absolute  cer- 
tainty the  qualities  and  relations  of  any  given  combination  of 
materials  or  conditiona  But  although  to  a  very  slight  extent 
the  idea  has  been  realized  for  a  small  class  of  the  compounds  of 
carbon,  yet  as  a  whole  this  grand  conception  is  only  a  dream. 
The  more  advanced  student  will  find  that  in  limited  portions  of 
some  few  fields  of  investigation  a  fragmentary  classification  is 
possible,  as  in  mineralogy ;  but  when  he  attempts  to  comprehend 
the  whole  domain,  he  becomes  painfully  aware  of  the  immense 
deficiencies  of  his  knowledge,  be  is  confused  by  the  numerous 
chains  of  relationship,  which  he  follows,  with  no  result,  to  sudden 
breaks,  and  soon  becomes  convinced  that  all  such  efibrts  must 
be  fruitless  until  more  of  the  missing  links  are  supplied. 

The  best  that  can  now  be  done  in  an  elementary  treatise  on 
chemistry  is  to  group  together  the  elements,  or  rather  the  ele- 
mentary atoms,  in  such  families  as  will  best  show  their  natural 
affinities ;  and  then  to  study,  under  the  head  of  each  element, 
the  more  important  and  characteristic  of  its  compounds.  How- 
ever little  value  such  a  classification  may  have  in  its  scientific 
aspect^  it  will  bring  together,  to  a  greater  or  less  extent,  the 
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allied  facts  of  the  science,  and  thus  will  help  the  mind  to  retain 
them  in  the  memory. 

In  classifying  the  elementary  atoms,  the  thiee  most  important 
characters  to  be  observed  are  the  Prevailing  QtumtivaUnce,  the 
Electrical  Affinities,  and  the  Crystalline  JRelations.  The  first  of 
these  characters  serves  more  particularly  to  classify  the  elements 
in  groups,  the  second  to  determine  their  position  in  the  groups, 
and  the  last  to  control  the  indications  of  the  other  two.  The 
crystalline  relations  of  the  atoms  can  only  be  determined  by 
comparing  the  crystalline  forms  of  allied  compounds,  and  in- 
volve the  principles  of  isomorphism  already  discussed.  More 
trustworthy  inferences  as  to  the  crystalline  relations  may  be 
drawn  from  the  crystalline  form  and  properties  of  allied  com- 
pounds, than  from  those  of  the  elementary  substances;  for, 
in  addition  to  the  fiEict  that  so  many  of  these  substances  crys- 
tallize in  the  isometric  system,  whose  dimensions  admit  of  no 
variation,  it  is  also  true  that,  in  our  ignorance  of  the  molecular 
constitution  of  most  of  them,  we  often  have  more  certainty,  in 
the  case  of  compounds,  that  our  comparisons  are  made  under 
identical  molecular  conditiona 

118.  Metamo  and  Non-Metamo  Blemonts.  —  In  all  works  on 
chemistry  since  the  time  of  Lavoisier,  the  elementary  substances 
have  been  divided  into  two  great  classes,  —  the  metals  and  the 
noTirmetals;  and  the  distinction  is  undoubtedly  fundamental, 
although  too  much  importance  has  been  frequently  attached  to 
the  accident  of  a  brilliant  lustre.  The  characteristic  qualities 
of  a  metal,  with  which  every  one  is  more  or  less  familiar,  are  the 
so-called  metallic  lustre,  that  peculiar  adaptability  of  molecular 
structure  known  as  malleaHlity  or  dttctility,  and  the  pov^er  of 
conducting  electricity  or  heaJt.  These  qualities  are  found  united 
and  in  their  perfection  only  in  the  true  metals,  although  one  or 
even  two  of  them  are  well  developed  in  several  elementary  sub- 
stances which,  on  account  of  their  chemical  qualities,  are  now 
almost  invariably  classed  with  the  non-metals,  —  as,  for  example, 
in  selenium,  tellurium,  arsenic,  antimony,  boron,  and  silicon.  Be* 
sides  the  properties  above  named,  many  persons  also  associate 
with  the  idea  of  a  metal  a  hig^  specific  gravity ;  but  this  prop- 
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erty,  though  common  to  most  of  the  useful  metals,  is  by  no  means 
universal;  and  among  the  metals  with  which  the  chemist  is 
familiar  we  find  the  lightest  as  well  as  the  heaviest  of  solids. 
The  non-metallic  elements,  as  the  name  denotes,  are  distinguished 
by  the  absence  of  metallic  qualities ;  but  the  one  class  meiges 
into  the  other. 

The  presence  or  absence  of  metallic  qualities  in  the  element- 
ary substances  is  for  some  unknown  reason  intimately  associated 
with  the  electrical  relations  of  their  atoms,  —  those  of  the  metals 
being  electro-positive,  while  those  of  the  non-metals  are  electro- 
n^ative,  with  reference,  in  each  case,  to  the  atoms  of  the  oppo- 
site class.  Indeed,  these  electrical  relations  were  formerly  made 
the  chief  basis  of  classification,  and  in  the  older  works  on  chem- 
istry a  list  of  the  elementary  substances  is  frequently  given, 
arranged  in  such  an  order  that  each  is  electro-positive  to  all 
which  precede  it,  and  electro-n^ative  to  all  which  follow  it  in 
the  series.  Such  a  classification,  however,  does  not  exhibit  the 
other  affinities  of  the  elements,  and  has  little  practical  value. 

119.  Perlodio  Law;  —  If  the  chemical  elements  are  arranged 
as  on  the  next  page,  in  the  order  of  their  atomic  weights,  it  will 
be  seen  that  those  having  similar  properties  and  relations  recur  at 
nearly  regular  intervals.  Take,  for  example,  the  alkaline  metals, 
sodium,  potassium,  rubidium,  and  csesium,  which  form  a  well- 
marked  fjEunily  among  the  elementary  substances,  and  notice  the 
position  which  the  members  of  this  family  have  in  the  table,  and 
it  will  appear  that  they  are  distributed  quite  r^ularly  through 
the  list  Compare  now  the  position  of  these  elements  with  those 
of  four  other  well-marked  families; — ^first,  fluorine,  chlorine, 
bromine,  and  iodine ;  secondly,  oxygen,  sulphur,  selenium,  and 
tellurium ;  thirdly,  nitrogen,  phosphorus,  arsenic,  and  antimony ; 
fourthly,  magnesium,  calcium,  strontium,  and  barium ; — and  the 
very  remarkable  alternations  will  be  at  once  manifest,  and  what 
we  mean  by  a  periodic  law  wiU  become  evident  If  now  we 
arrange  the  elements,  as  has  been  done  on  page  267,  still  in  the 
order  of  their  atomic  weights,  but  in  horizontal  lines,  b^;inning 
a  new  line  as  soon  as  a  period  is  obviously  ended,  and  an  ele- 
ment recurs  allied  to  one  of  those  which  have  preceded,  we 
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Mum. 

Atomk 
W««ght 

Num. 

▲tomlo 
Weight. 

Num. 

Atonle 
Wilghi 

Hydrogen 

1. 

7. 

11. 

12. 

18.9 

14. 

16. 

19. 

28. 

24. 

27. 

28. 

81. 

82. 

85.5 

89.1 

40. 

50. 

51.8 

52.2 

55. 

56. 

Cobalt 

58. 

58. 

63. 

65.2 

70. 

75. 

79.2 

80. 

85.4 

87.6 

89.6 

94. 
178. 

96. 
104.4 
104.4 
106.6 
108. 
112. 
118.7 
118. 

Unmium 

120. 

120. 

126.8 

128. 

188. 

187.1 

141. 

139. 

140. 

167. 

182. 

184. 

197. 

194.8 

192.7 

200. 

204.1 

206.9 

210. 

281.4 

Lithium 

Nickel 

Antimony 

Boron 

CoDDer 

Iodine 

Garbon 

VrV|#|W« « 

Zinc 

Tellurium 

Glaeinum 

Gallium 

Cieiiium 

Nitrooen 

Arsenic 

Barium 

Oxymn 

Selc^ninm 

Cerium 

^^j©*^  • 

Flaoiine 

Bix^niine 

Lanthanum 

Didvinium 

Sodium 

Rubidium 

Kagnesium 

Strontium 

Erbium 

Aluminum 

Silicon 

Zirconium 

Tantalum 

Columbium 

Yttfr>nnm..    

Tunssten 

Gold 

PhonphoruH 

Sulnhur 

Molybdenum 

Rhodium. 

Platinum 

Chlorine..... 

Iridium 

Pottfltium 

RutheniuuL 

Palladium 

Calcium 

Mercury 

Titanium 

saver 

Thallium 

Vanadium 

Cadmium 

Lead 

Ohroroium  -  T " .  1 1 .  t 

Indium 

Bismuth 

Iron. , 

Tin 

Thorium ........... 

shall  bring  the  members  of  each  of  the  well-marked  families  of 
elements  we  have  indicated  into  one  of  the  vertical  columns  thus 
formed,  and  at  the  same  time  associate  in  the  other  vertical 
columns  elements  which  are  more  or  less  closely  allied.  Here, 
as  in  most  classifications,  more  or  less  humoring  is  required  in 
order  to  exhibit  the  relationship  of  the  elements  to  the  best  ad- 
vantage, and,  with  a  single  exception,  each  of  the  eight  primary 
columns  is  divided  into  two  or  more  parallel  columns  for  this 
purpose.  The  members  of  these  subordinate  series  are  more  or 
less  affiliated,  but  not  closely  allied. 

The  details  of  this  classification  cannot  be  discussed  intelli- 
gently until  the  student  is  familiar  with  the  properties  and 
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relations  of  the  elementary  substances;  that  is,  not  until  he 
has  mastered  to  some  considerable  degree  the  subject  matter  of 
chemistry.  A  few  general  considerations^  however,  may  be  of 
value  in  enabling  him  to  form  an  estimate  of  the  importance 
of  the  system  here  presented.  The  system  involves  two  funda- 
mental ideas,  each  of  which  has  undoubtedly  a  large  basis  of 
truth.  First,  we  have  the  idea  of  periodicity,  or  the  recurrence 
of  elementary  atoms  having  similar  relations  at  definite  in- 
tervals as  the  atomic  weight  increases ;  and  this  feature  of  the 
classification  is  presented  by  the  horizontal  lines  of  our  tabla 
Secondly,  in  the  vertical  lines  of  the  table  we  have  exhibited 
several  series  of  allied,  elements,  in  each  of  which  the  relations 
of  the  members  vary  according  to  some  regular  order.  The  idea 
of  classification  by  series  involves  the  grouping  together,  not 
simply  of  similar  substances,  but  of  substances  which,  while 
possessing  in  common  certain  general  relations,  difiTer  in  other 
respects,  so  that,  although  neighboring  members  of  such  a  series 
may  have  a  close  resemblance,  the  distant  members  may  have 
nothing  in  common  except  the  one  relationship  which  unites 
them  alL 

The  idea  of  classification  by  series  was  first  developed  in  the 
study  of  organic  chemistry,  where  the  principle  is  much  more  con- 
spicuous than  among  inorganic  compounds.  Thus,  as  has  been 
shown  (§  41),  we  are  acquainted  with  a  large  number  of  acids 
resembling  acetic;  acid,  which  form  a  series  beginning  with  formic 
acid  and  ending  with  melissic  acid.  Each  member  of  this  series 
differs  in  composition  from  the  preceding  member  by  CH^  or  by 
some  multiple  of  this  symbol ;  and  the  properties  of  the  com- 
pounds vary  regularly  between  the  extreme  limits,  according  to 
well-established  laws.  Moreover,  many  other  similar,  although 
more  limited,  series  of  compounds  are  known,  and  the  principle 
realized  in  these  organic  series  seems  to  be  the  true  idea  of  all 
chemical  classification.  But  in  attempting  to  apply  it  to  the 
chemical  elements,  we  find  only  two  or  three  groups  of  atoms 
where  the  series  is  of  sufficient  extent  to  make  the  relations  of 
the  members  evident.  In  most  cases  it  would  seem  as  if  we 
only  knew  one  or  two  members  of  a  series,  and  this  apparent 
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ignorance  not  only  throws  doubt  on  the  general  application  of 
our  principle^  but  also  renders  uncertain  the  details  of  our 
scheme,  even  assuming  that  the  principle  of  the  dassification  is 
correct  Hence,  also,  great  differences  of  opinion  may  be  rea- 
sonably entertained  in  regard  to  the  position  which  the  different 
atoms  ought  to  occupy  in  such  a  scheme. 

Another  very  important  cause  of  uncertainty  in  any  scheme  of 
classifying  the  elements  arises  from  the  complex  relationships 
which  many  of  them  manifest  Thus  iron  is  in  some  of  its  rela^ 
tions  closely  associated  with  manganese  and  aluminum,  while  in 
others  it  is  as  closely  allied  to  magnesium  and  zinc,  and  in  still 
others  it  resembles  —  although  much  less  closely — the  elements 
with  which  it  is  associated  in  the  table  on  page  267.  Many 
other  elements  resemble  iron  in  having  a  similar  manifold  char- 
acter, and  different  authors  may  reasonably  assign  to  such  ele- 
ments different  places  in  their  systems  of  classification,  according 
as  they  view  them  from  one  or  the  other  aspect  Hence  arises  a 
degree  of  uncertainty  which  affects  our  whole  system,  and  which 
cannot  be  avoided  in  the  present  state  of  the  science. 

Indeed,  no  classification  in  parallel  series  can  satisfy  the  com^ 
plex  relations  of  the  elements,  for  these  relations  cannot  be  rep^ 
resented  by  any  system  of  lines  on  a  plane.  The  attempts  which 
have  been  made  only  force  upon  our  attention  the  fragmentary 
character  of  our  knowledge,  and  the  remarks  already  made  in 
regard  to  the  general  scheme  of  chemical  classification  apply  with 
equal  force  to  the  system  of  classifying  the  elements  which  has 
been  described.  It  is  quite  evident  that  the  qualities  of  the 
chemical  elements  are  functions  of  several  variables,  of  which 
one  only  is  the  .atomic  weight,  and  until  we  have  a  greater 
knowledge  of  the  subject  we  cannot  expect  to  discover  the  com- 
plex relationship  which  such  a  condition  involves.  Still,  im- 
perfect as  it  is,  the  scheme  presented  in  the  table  furnishes  a 
commanding,  although  partial,  view  of  a  complex  subject,  and 
may  greatly  aid  the  student  in  directing  his  study.  The  power 
of  such  a  working  theory  to  predict  the  order  of  undiscovered 
phenomena  is  a  good  criterion  of  its  validity,  and  this  system  of 
classification  predicted  the  relations  and  properties  of  the  new 
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element  gallium  before  it  was  isolated.  Nevertheless,  the  system 
so  frequently  separates  elements  which,  on  account  of  their  in- 
timate relations,  ought  to  be  studied  in  connection,  and  brings 
together  others  which  are  allied  only  in  their  less  prominent 
characteristics,  that,  in  an  elementary  text-book,  it  cannot  be 
strictly  followed  to  advantage.*  In  Part  IL  of  this  work  we 
have  brought  together,  under  the  several  subdivisions,  those 
elements  that  resemble  each  other  in  the  characteristics  by  which 
it  seems  to  us  most  important  for  the  student  to  associate  them ; 
beginning  with  those  groups  of  elements  which  have  the  lowest 
degree  of  quantivalence,  in  order  to  present  the  simplest  type  of 
combination  at  the  outset  As  the  prevailing  quantivalence 
increases,  the  most  characteristic  and  familiar  compounds  of  the 
elements  become  more  complex,  and  such  an  arrangement,  there- 
fore, has  great  advantages  for  a  text-book,  although  of  little 
value  as  a  scientific  classification. 

120.  R^lationM  of  the  Atomic  WcifilitiL  —  In  1815  Dr.  Prout, 
an  English  writer  on  chemistry,  advanced  the  opinion  that 
hydrogen,  the  lightest  substance  known,  was  the  one  primary 
condition  of  matter  out  of  which  all  substances  had  been  devel- 
oped, and  that  the  so-called  elementary  atoms  were  all  aggregates 
of  hydrogen  atoms.  Hence  be  concluded  that  the  atomic  weights 
of  the  substances  regarded  as  elementary  must  all  be  exact  mul- 
tiples of  the  atomic  weight  of  hydrogen,  and  this  hypothesis  has 
since  been  known  as  "Front's  law."  But  although  the  com- 
paratively rude  determinations  of  the  atomic  weights  made 
before  his  time  might  be  reconciled  with  this  hypothesis,  the 
subsequent  progress  of    chemistry  did  not  seem  to  confirm 

*  A  KuBsian  chemist,  Mendelejeff,  gare  the  form  to  the  claaaificatioii  of  the 
elements  presented  hy  the  table  on  page  267,  and  we  have  reproduced  the  table 
as  printed  by  Roscoe  in  his  Treatise  on  Chemistry,  without  any  essential  altera- 
tion, although  we  consider  that  in  many  important  respects  it  fails  to  present  the 
true  relations  of  the  elements.  We  cannot  alter  it  to  conform  to  our  own  riews  of 
the  facts  without  changing  its  essential  character,  and  we  question  if  it  is  possible, 
in  the  present  state  of  chemistry,  to  substitute  any  other  classification  which 
would  not  be  equally  faulty.  We  therefore  give  the  scheme  as  it  has  been  usually 
printed,  without  change,  only  apprising  the  student  that  he  must  not  expect  that 
the  facts  as  presented  in  Part  IL  will  accord  with  it  in  all  respects. 
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Front's  views.  Most  of  the  accurate  experiments  made  for  the 
purpose  of  fixing  these  constants  gave  incommensurable  values, 
and  this  was  especially  true  of  a  most  noteworthy  investiga- 
tion undertaken  by  Professor  Stas,  of  Brussels,  with  the  view 
of  testing  Front's  hypothesis.  His  experiments,  which  were 
conducted  with  extreme  care  and  with  very  large  amounts  of 
material,  gave  incommensurable  values,  and  the  results  were 
thought  at  the  time  to  show  that  the  hypothesis  in  question 
was  wholly  illusoiy.  Still  it  was  remarkable  that  the  values 
obtained  by  Stas  differed  from  whole  numbers  only  by  a  small 
fiaction  of  aunit^  and  in  the  accurate  determinations  which  have 
since  been  made  by  other  chemists  the  same  striking  feature 
appears.  In  the  table  on  page  267  we  have  copied  intentionally 
the  atomic  weights  as  given  by  Boscoe  (compare  note  above), 
while  in  the  table  on  page  266  we  have  given  the  approximate 
values  generally  accepted  (rather  than  the  precise  mean  of  the 
experimental  work)  in  those  cases  where  the  difference  is  less 
than  the  probable  error  of  the  process  employed. 

In  comparing  these  tables  it  must  be  borne  in  mind,  in  the 
first  place,  that,  although  there  are  some  twenty  of  the  atomic 
weights  which  may  be  regarded  as  accurate  to  a  thousandth 
of  their  amoimt,  and  in  a  few  cases  possibly,  to  the  ten-thou- 
sandth, yet  in  most  cases  the  possibte  error  in  the  detem^inations 
is  as  laige  as  one  per  cent,  while  in  several  instances  the  atomic 
weight  is  not  known  within  one  tenth  of  the  value  given.  More- 
over, the  errors  we  have  chiefly  to  guard  against  in  the  deter- 
mination of  an  atomic  weight  are  not  the  "  accidental  errors,'* 
which  can  be  eliminated  by  frequent  repetitions  of  the  same  pro- 
cess, but  "  constant  errors,"  arising  from  unknown  impurities  or 
from  the  imgerfections  of  the  process  employed ;  and  the  closest 
agreement  between  repeated  observations  gives  no  sure  indica- 
tion of  freedom  from  such  errors  as  these. 

In  the  second  place,  it  must  be  remembered  that  the  atomic 
weights  of  only  a  very  few  of  the  elements  have  been  directly 
referred  to  the  hydrogen  unit,  and  that  in  most  cases  they  are 
referred  to  this  unit  through  the  atomic  weight  of  oxygen.  Now 
one  of  the  later  determinations  of  Stas  makes  the  atomic  weight 


272  BELATIONS  OF  THE  ATOMIO  WEIGHTS.  [§  12a 

of  oxygen  15.96,  instead  of  16,  the  value  accepted  by  Dumas 
as  the  most  probable  result  after  the  discussion  of  a  long  series 
of  careful  and  accordant  determinations ;  and  if  we  accept  this 
value  of  Stas,  and  alter,  as  Boscoe  has  done,  all  the  other  weights 
given  in  the  table  on  page  266  in  the  proportion  of  16  :  15.96,  it 
will  be  seen  that  the  numbers  of  the  two  tables  (pages  266  and 
267)  coincide  except  in  the  few  cases  where  some  point  of  theory 
is  in  question,  and  that  both  are  based  on  essentially  the  same  ex- 
perimental evidence.  On  the  other  hand,  if  we  assume  (7  =:  16 
as  the  basis  of  the  system,  then  E  =  1.0025,  according  to  Stas's 
determination ;  and  it  becomes  equally  evident  that  the  differ- 
ence  between  this  and  H  =  1.0000  would  be  wholly  imperceptible 
except  in  determinations  on  the  scale  of  those  of  Stas,  and  even 
under  such  circumstances  could  only  be  distinguished,  if  at  all,  as 
a  residual  after  the  observations  had  been  most  carefully  reduced 
Tet,  when  the  other  atomic  weights  are  reduced  to  the  new  basis 
by  dividing  by  the  common  divisor  1.0025,  the  difference  in  the 
case  of  the  laiger  atomic  weights  becomes  very  considerable, 
and  gives  the  appearance  of  a  much  laiger  departure  fix)m  Front's 
law  than  really  exist& 

While,  therefore,  we  do  not  question  the  great  accuracy  of 
Stas's  work,  we  do  not  think  it  philosophical  to  change  the  basis 
of  the  system  of  atomic  weights  on  the  evidence  of  a  single  de- 
termination, which  presents  great  experimental  difficulties  and  is 
confessedly  not  of  the  highest  order  of  accuracy ;  especially  as  we 
believe  that  the  weight  of  evidence  is  in  &vor  of  the  conclusion 
that,  when  the  atomic  weight  of  oxygen  is  sixteen,  a  very  large 
number  of  the  weights  can  be  expressed  by  integers  within  the 
limits  of  probable  error.  lu/order  to  illustrate  this  point  we  give 
in  the  following  supplementary  table  the  twenty  atomic  weights 
which  may  be  fairly  considered  as  the  only  ones  which  have  been 
determined  within  one  thousandth  of  their  amount,  including  the 
determinations  of  Stas,  all  on  the  basis  that  0  =  16.00 ;  and  it 
will  be  noticed  that,  with  the  exception  of  the  atomic  weight  of 
chlorine,  the  values  differ  in  no  case  from  a  whole  number  by 
more  than  fifteen  hundredths  of  an  integer,  and  generally  by 
much  less. 
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ATOMIC  WEIGHTS 

HOST  AOCURAISLT  DXIBBMINXD. 


Hydiogen 1.002 

Lithium 7.01 

Carbon 12.00 

Kitiogen 14.04 

Oxygen 16.00 

Aluminum 27.02 

Sodium 23.05 

Magnesium      ....  24.00 

Phoepliorus     ....  31.05 

Sulphur 32.07 


Chlorine 35.46 

Potassium 39.14 

Calcium 40.00 

Bromine 79.94 

Silver 107.93 

Antimony 120.00 

Iodine 126.85 

Barium 137.14 

ThaUium 204.11 

Lead 206.91 


If  the  atomic  weights  are  in  fact  whole  numbers,  such  slight 
differences  from  the  true  values  as  these  in  the  observed  results 
(excepting  always  the  case  of  chlorine)  are  exactly  what  we 
should  expect,  seeing  that  no  determinations  of  this  kind  can  with 
certainty  be  freed  from  the  influence  of  constant  experimental 
errors.  On  the  other  hand,  if  the  true  weights  are  incommensu- 
rable and  distributed  by  chance,  the  probability  that  the  observed 
values  would  all  lie  so  near  to  whole  numbers  as  they  do  would 
be  exceedingly  small,  and  hence  the  total  result,  as  far  as  it  goes 
at  present,  may  be  said  to  confirm  rather  than  invalidate  Front's 
hypothesis,  and  justifies  the  usual  practice  of  selecting  as  the 
working  atomic  weight,  not  the  precise  mean  of  the  experimen- 
tal results  of  the  most  accredited  investigators,  but  the  nearest 
whole  number,  except  in  cases  like  chlorine,  where  the  difier- 
ence  is  evidently  greater  than  the  probable  error.  It  is  on  this 
basis  that  the  table  on  page  266,  and  also  Table  II.  at  the  end  of 
the  volume,  have  been  drawn  up,  and  it  is  on  this  basis  that 
the  remarks  which  foUow  are  made. 

If  the  principle  of  classification  by  series  is  correct^  and  the 
elements  actually  belong  to  series  like  those  of  the  compounds  of 
organic  chemistry,  we  should  naturally  expect  that  the  atomic 
weights  would  conform  to  the  same  serial  law ;  and  it  is  a  re- 
markable fact  that  the  differences  between  the  atomic  weights 

18 
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of  the  elements  of  the  same  group  axe  in  most  cases  very  nearly 
multiples  of  16.  The  value  of  this  common  difference  varies  be- 
tween 15  and  17,  and  we  must  admit  in  some  cases  the  simplest 
fractional  multiples ;  but  the  mean  value  is  very  nearly  16,  and 
the  frequent  occurrence  of  this  difference  is  very  striking.  This 
numerical  relation  is  not  absolutely  exact,  but  here,  as  in  the 
periods  of  the  planets,  in  the  distribution  of  leaves  on  the  stem 
of  a  plant,  and  in  other  similar  natural  phenomena,  there  is  a 
marked  tendency  towards  a  certain  numerical  result,  which  is 
fully  realized,  however,  only  in  comparatively  few  cases.. 

Other  numerical  relations  which  have  been  noticed  between 
the  atomic  weights  are  probably  only  phases  of  the  same  law -of 
distribution  in  series.  Thus  the  atomic  weight  of  sodium  is  very 
nearly  the  mean  between  that  of  lithium  and  potassium ;  and 
the  atomic  weights  of  chlorine,  bromine,  and  iodine,  of  calcium, 
strontium,  and  barium,  of  oxygen,  sulphur,  and  selenium,  are  sim- 
ilarly related.  Again,  there  are  several  pairs  of  allied  elements 
between  whose  atomic  weights  there  is  very  nearly  the  same 
differenca  Thus  the  difference  between  the  atomic  weights  of 
indium  and  thallium  is  very  nearly  the  same  as  that  between 
the  atomic  weights  of  antimony  and  bismuth,  and  the  difference 
between  the  atomic  weights  of  columbium  and  tantalum  the 
same  as  that  between  the  atomic  weights  of  molybdenum  and 
tungsten.  A  careful  study  of  the  atomic  weights  will  also 
reveal  many  other  approximate  relations  of  the  same  sort ;  but 
although  the  study  of  these  relations  is  highly  interesting,  and 
may  lead  hereafter  to  valuable  results,  yet  no  great  importance 
can  be  attached  to  them  in  the  present  state  of  the  science.* 

*  See  paper  by  the  author  on  "The  Numerical  Relatioii  between  the  Atomic 
Weights,  with  some  Thoughts  on  the  Chissification  of  the  Chemical  Elements," 
in  Memoirs  of  the  American  Academy,  1868. 


PART  n. 


INTRODUCTION. 


Havino  developed  in  Part  I.  the  fdndamental  principles  of  chemical 
science^  we  shall  now  give,  in  Fart  IL,  a  brief  summary  of  the  more 
important  elements  and  compounds,  exhibiting  their  constitution  and 
relations  by  means  of  formul»  and  reactions,  and  adding  a  number  of 
questions  and  problems,  which  will  serve  to  direct  the  attention  of  the 
student  to  the  more  important  facts  and  principles,  or  to  those  which, 
being  only  implied  in  the  context,  might  be  otherwise  overlooked,  and 
which  will  also  give  him  the  means  of  testing  the  thoroughness  and 
accuracy  of  his  knowledge.  The  answers  to  the  problems  have  been 
calculated  with  the  foxu>place  logarithms,  which  will  be  fotmd  at  the 
end  of  the  volume.  Used  in  connection  with  the  table  of  antiloga- 
rithms  which  accompanies  them,  the  logarithms  give  results  which  are 
accurate  to  the  fonrth  significant  figure,  and  this  degree  of  accuracy 
exceeds  in  almost  every  case  that  of  the  experimental  data  given  in 
the  problems.  With  certain  exceptions  referred  to  below,  the  answers 
to  the  questions  are  either  stated  or  implied  in  the  immediate  context^ 
or  in  the  sections  and  formula  to  which  reference  is  made.  The  refer- 
ences to  sections  are  enclosed  in  parentheses,  and  those  to  formulsa  in 
brackets.  Direct  questions  on  the  facts  stated  in  the  summary  are 
seldom  given,  and  obviously  would  be  superfluous ;  but  the  student 
should  make  himself  thoroughly  acquainted  with  the  subject-matter  of 
each  section  before  he  attempts  to  answer  the  questions  or  solve  the 
problems  which  follow.  In  studying  the  book,  however,  he  should 
aim  to  acquire  a  knowledge  of  the  general  principles  and  mutual  rela- 
tions which  are  exhibited,  rather  than  to  commit  to  memory  the 
isolated  fieu^.  He  must  never  foiget  that  he  is  dealing,  not  with 
abstractions,  but  with  real  things  and  actual  phenomena,  and  that 
chemical  formulse  are  merely  expressions  of  definite  fiGusts  ascertained 
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by  experiment.  Moreover,  he  most  discriminate  with  the  greatest  care 
between  the  facts  directly  stated  or  expressed  by  the  reactions  and  the 
inferences  drawn  from  them,  and  he  should  be  required  to  state  clearly 
the  successive  steps  in  every  process  of  inductive  reasoning.  As  was 
stated  in  the  PrefiBMsey  this  portion  of  the  book  is  only  intended  as 
an  auxiliary  to  lecture-room  or  laboratory  instruction,  and  the  closer 
the  lessons  can  be  connected  with  the  experimental  illustrations  the 
better. 

In  classifying  the  chemical  elements  for  the  purposes  of  study  we 
have  had  reference  solely  to  their  most  conspicuous  and  familiar  rela- 
tions, —  those  relations  by  which  the  student  will  most  readily  associate 
them.  Under  each  '*  Division  "  of  Part  11.  we  have  brought  together, 
as  far  as  possible,  those  elements  which  obviously  belong  to  the  same 
£eunily,  or  to  the  same  chemical  series,  and  when  an  element  presents 
no  such  obvious  relationship,  have  placed  it  in  a  division  by  itself!  The 
larger  of  these  divisions  correspond  in  great  measure  to  the  vertical 
columns  in  the  classification  of  Mendeleje£f ;  but,  for  reasons  already 
given,  we  have  not  followed  that  classification  closely.  In  arranging 
the  divisions  we  have  followed  the  "  prevailing  quantivalence,"  begin- 
ning with  the  groups  of  elements  having  the  smallest  quantivalence,  in 
order  to  present  the  simplest  types  of  combination  first,  and  afterward 
coming  to  those  which  are  more  complex.  Here,  again,  we  conform 
approximately  to  the  horizontal  lines  in  Mendelejeff's  table^  but  not 
closely ;  because,  if,  according  to  the  fundamental  idea  of  his  classifica- 
tion, we  arrange  the  elements  in  the  exact  order  of  their  atomic  weights, 
a  regular  increase  of  atomicity  on  the  horizontal  lines  can  be  made  out 
only  by  bringing  into  prominence  unusual  aspects  of  many  of  the  ele- 
ments. In  connection  with  each  element  we  mention  the  more  impor- 
tant compounds  which  it  forms  with  the  elements  preceding  it  in  our 
classification.  At  least  this  is  the  general  rule ;  but  so  far  as  regards 
the  compounds  we  do  not  follow  this  order  invariably,  departing  from 
it  whenever  it  may  be  necessary  to  illustrate  the  relations  of  the  ele- 
ment we  may  be  studying.  Thus  we  describe  with  each  element  its 
chief  oxygen  and  sulphur  compounds  from  the  first  Ko  attempt  has 
been  made  to  embrace  the  whole  field,  but  the  aim  has  been  to  illus- 
trate fully  the  principles  of  chemical  philosophy,  and  to  give  a  dear 
idea  of  that  phase  of  the  scheme  of  nature  which  has  been  revealed 
by  the  study  of  chemistry.  As  stated  in  the  Preface,  the  ''  Questions 
and  Problems"  are  an  essential  feature  in  the  plan  of  the  work,  and 
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seive  to  supplement  as  well  as  to  illustrate  the  text.  The  student  will 
find  that  the  knowledge  which  he  gains  inferentiallj  while  seeking 
the  answers  to  the  questions,  or  solving  the  problems,  is  peculiarly 
valuable,  and  the  acquisition  has  something  of  the  zest  of  new  discov- 
ery. As  he  advances,  he  will  meet  with  questions  which  he  cannot 
fully  answer  without  consulting  more  extended  works,  and  which  are 
intended  to  direct  his  study  beyond  the  limits  of  this  book.  He  may 
refer  in  such  cases  to  Watts's  Dictionary  of  Chemistry,  Miller's  Ele- 
ments of  Chemistry,  Eoscoe  and  Schorlemmer*s  Treatise  on  Chemistry, 
Wagner's  Chemical  Technology,  Percy's  Metallurgy,  and  Dana's  Sys- 
tem of  Mineralogy,  all  of  which  are  excellent  works  of  reference. 


PART  n. 


DIVISION  L 

12L  BTDROGBN.  H^  1.  —  UmTalent.  The  lightest  atom,  and 
the  standard  of  qoantivalence.  Very  widely  dififosed  in  nature.  Fonns 
one  ninth  of  water,  and  is  a  constituent  of  ahnost  all  vegetable  and 
animal  substances,  as  well  as  of  many  minerals.  The  essential  con- 
stituent of  all  acids  and  bases,  &om  which  it  is  readily  displaced  by 
other  atoms. 

122.  Hydrogen  Qas.  H-H.  —  A  gas  which  has  been  liquefied,  and 
probably  solidified,  by  extreme  cold  under  great  pressure.  Standard 
of  comparison  for  Sp.  Gr.  Seldom  found  in  a  free  state  in  nature. 
Best  prepared  by  the  action  of  zinc  or  iron  on  dilute  sulphuric  acid. 

Zn  +  {H^SO^  +  Aq)  =  {ZnSO^  +  Aq)  +  HI-IH.  [64] 

Very  combustible.    Has  the  greatest  calorific  power  of  any  substance. 
Aqueous  vapor  sole  product  of  the  burning. 

231-31  +  (D^  =  231,®.  [65] 

123.  Hydrio  Oxide  (Water).  ZT^O.  — The  universally  diffused 
liquid  of  the  globe,  and  the  chief  constituent  of  organized  beings. 
Standard  of  comparison  for  Sp.  Or,  at  4^,  point  of  maximum  density. 
Below  0^  a  crystalline  solid  (hexagonal  system,  §  107).  Sp.  Or.  = 
0.918.  Under  the  ordinary  pressure  of  the  air  it  boils  at  100^  but 
exists  in  the  atmosphere  in  the  state  of  vapor  at  all  temperatures. 
For  maximum  tension  of  vapor  at  different  temperatures,  see  Chem. 
Phys.  §§  284  and  312.  Water  is  an  almost  universal  solvent,  and  the 
medium  of  most  chemical  changes.  Its  molecular  structure  is  regarded 
as  the  type  of  a  very  large  class  of  chemical  compounds.  Its  com- 
position may  be  determined, — First,  by  electrolysis  (§  98  and  [65] 
reversed).  Second,  by  passing  a  mixture  of  steam  and  chlorine  gas 
through  a  red-hot  tube. 

2  31,® +  2081-091  =  4  31(91  H-®<S>.  [66] 
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Third,  by  exploding  in  an  eudiometeivtube  a  mixture  of  oxygen  and 
hydrogen  gases  [65].  Fourth,  by  passing  hydrogen  gas  over  heated 
cupric  oxide. 

CuO  +  IH-ai  =  Cu  +  JH,®.  [67] 

Water  combines  with  anhydrides  to  form  acids,  as 

SO^  +  ff/)  =  HfOSOt, 
or  [68] 

P,0,  +  3  i^,0  =  2  HiO^-PO. 

It  combines  with  metallic  oxides  to  form  hydrates,  bases,  or  alkalies, 

as 

Nafi  +  H^O  =  2  NarO-H  or    OaO  +  H^O  =  Ca^OiH^.    [69] 

It  combines  with  many  salts  as  water  of  crystallization,  as 

Fe^SO^  .  7  Hfi  Cryst.  Ferrous  Sulphate. 

124.  HydroxyL  HO, — A  very  important  compound  radical,  which 
may  be  regarded  as  a  factor  (§  23)  in  the  molecules  of  many  chemi- 
cal compounds,  and  for  this  reason  it  is  sometimes  convenient  to 
write  its  symbol  Ho,  The  oxygen  bases  may  be  considered  as  com- 
pounds of  hydroxyl  with  electro-positive  atoms  or  radicals,  and  the 
oxygen  acids  as  compounds  of  the  same  with  electro-negative  atoms  or 
radicals.  Thus  we  may  write  the  symbols  of  the  following  compounds 
as  shown  below :  — 


Sodic  Hydrate  Nor  OH  or  NarHo 

Baric  Hydrate  BarO^H^  "  BorHo^ 

Ferric  Hydrate  \Ftip^^  "  {Fe^Ho^ 

Nitric  Acid  HO-NO^  "  Ho-NOt 

Sulphuric  Acid  H^^O^^SO^  «  Ho^-SO^ 

Phosphoric  Acid  H^OiPO  "  Ho^FO 


[70] 


125.  Hydric  Peroxide  (Oxygenated  Water).  Hfi\OX  HcrHo. — 
Best  regarded  as  the  ''  radical  substance ''  (§§  23  and  29)  correspond- 
ing to  hydroxyl.  In  its  most  concentrated  form  it  is  a  colorless  liquid 
of  the  consistency  of  syrup,  and  having  a  decided  odor  resembling 
chlorine.  Soluble  in  water  in  all  proportions.  Prepared  by  action  of 
carbonic  dioxide  on  baric  peroxide. 

BaO,  +  (HfiO^  -f-  Aii  =  BaCO,  +  (H^O^  -f-  ^j).       [71] 
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Carbonic  dioxide  is  passed  through  water  in  which  BaO^  is  siispended, 
and  the  solution  oi  H^O^  subsequently  evaporated  in  vacuo.  Decom- 
posed by  fine  metallic  powders,  and  also  spontaneously  at  temperatures 
higher  than  22^,  into  water  and  oxygen  gas. 

(2  H^O^  +  Aq)  =  (2  H^O  +  Aq)  +  (S>®.  [72] 

It  liberates  iodine  from  its  compounds. 

2  Jr/  +  {Ho-Ho  +  Aq)  =  H  -h  (2  K-Ho  +  Aq).  [73] 

It  generally  acts  as  an  oxidizing  agent 

PbS  +  (4  Zr,0,  +  Aq)  =  PbSO,  +  (4  H^O  +  Aq).       [74] 

It  sometimes,  however,  acts  as  a  reducing  agent 

A&O  +  (^,0,  +  Aq)  =  Afc  +  (J%0  +  Aq)  +  (SHD.     [75] 


QUESTIONS   AND   PBOBLEBfS.* 

1.  What  distinction  can  be  drawn  between  a  chemical  element  and  an 
elementary  subHtance,  it  being  understood  that  the  word  eUmffiU  is  used  in 
a  restricted  sense,  as  applying  only  to  the  ultimate  atoms  into  which  mat- 
ter may  be  resolved  ?  Illustrate  the  distinction  by  the  case  of  hydrogen. 
(§§54,  19,  and  23.) 

2.  What  is  the  essential  characteristic  of  an  acid  and  of  a  base  ?  (§§  36 

and  37.) 

t 

3.  What  is  the  ground  for  the  belief  that  each  molecule  of  hydrogen  gas 

consists  of  two  atoms  ?    (§  20.) 

4.  The  litre  and  the  crith,  the  molecular  weight  of  hydrogen  and  its  mo- 
lecular volume,  sustain  what  relation  to  each  other  ?  State  the  reason  for 
the  rule  on  page  68.    (§§  2  and  26.) 

6.  How  many  grammes  of  ziac,  and  how  many  of  sulphuric  acid,  will  yield 
one  litre  of  hydrogen  gas? 

Ana.  2.92  grammes  of  zinc,  and  4.39  grammes  of  sulphuric  acid. 

*  It  is  aasamed  in  all  the  proUems  of  this  book  that  the  temperature  is  0*  C, 
and  the  pressure  76  c  m.,  unless  otherwise  stated.  The  following  abbreviations 
will  be  used :  cm.,  centimetre ;  e.m.',  cubic  centimetre ;  dTm?*  cubic  decimetre ; 
kilo.,  kilograxmoes,  etc»    (See  Table  I.) 
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6.  If  46  giMiuneB  of  zinc  are  used  in  reaction  [64]»  how  many  cubic  centi- 
metres of  sulphuric  acid  must  be  used  also,  and  how  many  grammes  of  zinc 
sulphate,  and  how  many  litres  of  hydrogen  gas,  will  be  formed  in  the  process 
{Sp.  Or.  of  H^O^  =  1.843)? 

Ans.  36.7  cTm.*  of  sulphuric  add,  111.3  grammes  of  zinc  sulphate,  and 
15.4  litres  of  hydrogen. 

7.  What  volume  of  water  should  be  mixed  with  the  sulphuric  add  in  the 
last  problem,  assuming  that  the  reaction  takes  place  at  20%  and  that  100 
parts  of  water  at  that  temperature  will  dissolve  63  parts  of  zinc  sulphate  ? 

Ans.  200.9  cTm.'^  or  enough  to  dissolve  all  the  zinc  salt  formed. 

8.  What  weight  of  iron  must  be  used  to  generate  sufficient  hydrogen  to 
raise  in  the  atmosphere  by  its  buoyancy  a  total  weight  of  121  grammes 
(Sp.  Gr.  of  air  14.6  nearly)  ? 

Ans.  100  litres  of  hydrogen  gas  wiU  be  required,  and  this  can  be  made 
from  260.9  grammes  of  iron. 

9.  Assuming  that  the  prindple  of  §  18  is  correct,  why  does  it  follow  from 
reaction  [66]  that  the  molecule  of  oxygen  gas  must  contain  at  least  two 
atoms? 

10.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  273^.2  [10]  ? 

Ans.  100  litres. 

11.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  0^  and  under  a 
pressure  of  38  c  m.  [4]  ?  Ans.  100  litres. 

12.  A  block  of  ice  wdghs  36.72  kilo.    What  is  its  volume  [1]  ? 

Ans.  40  d.  m.*. 

13.  An  icebeig  is  floating  in  sea^-water  {8p.  Or.  =  1.028).  What  prQf)or- 
tion  of  its  bulk  is  submerged  ?  Ans.  0.8932. 

14.  One  kilogramme  of  steam  at  100^  will  melt  how  many  kilo,  of  ice  ? 
Ana.  The  steam  by  condensing  and  cooling  would  give  out  637  units  of 

heat,  which  is  adequate  to  mdt  637  -s-  79  =  8+  kilogrammes  of 
ice.    (§§  16  and  17.) 

15.  What  is  the  wdght  of  one  litre  of  confined  steam  at  the  temperature 
of  144°  ?    Tension  of  steam  at  144°  equals  4  atmospheres. 

Ans.  Weight  of  litre  of  steam  at  (f  and  76  c.  m.  would  be  theoretically 
9  criths.  Hence  weight  at  144°  and  4  X  76  c  m.  is,  by  [12],  23.58 
criths,  or  2.113  grammes. 

16.  What  is  the  weight  of  one  litre  of  superheated  steam  tmder  normal 
pressure,  and  at  646^.4  ?  Ans.  0.2688  gramme. 
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17.  Water  is  forced  into  a  glass  globe  containing  dry  air,  at  the  temperap- 
ture  of  100^  C.  and  under  the  nonual  pressure,  as  long  as  it  continues  to 
evaporate.    What  will  be  the  tension  of  the  moist  air  ? 

Ana,  Water  or  anj  other  liquid  evaporates  into  a  confined  space  until  the 
vapor  attains  its  maximum  tension  for  the  existing  temperature, 
even  when  the  space  is  filled  with  another  gas ;  and  the  tension  of 
the  mixture  of  gas  and  vapor  is  equal  to  the  sum  of  the  tension 
which  each  would  exert  separately.  (Chem.  Phys.  312.)  The 
maximum  tension  of  aqueous  vapor  at  100^  is  76  c  m.,  and  hence 
the  tension  of  the  moist  air  in  the  globe  must  be  162  c.  m. 

18.  A  volume  of  hydrogen  gas  standing  in  a  bell-glass  over  a  pneumatic 
trough,  and  consequently  saturated  with  moisture,  measures  100  ^7^*.  The 
temperature  is  22^.3,  and  pressure  on  the  gas  76  c  m.  What  would  be  the 
volume  under  the  same  conditions  if  the  air  were  perfectly  dry  ? 

Ans.  The  maximum  tension  of  aqueous  vapor  at  given  temperature  is 
2  c.  m.  Hence,  if  vapor  were  removed,  the  tension  of  the  gas 
would  become  74  c.  m.,  provided  the  volume  remained  constant. 
But  the  exterior  pressure  being  76  c.  m.,  the  volume  must  accom- 
modate itself  to  this  condition,  and  hence  by  [4]  would  be  reduced 
to  97.36  c.  m. 

19.  What  is  the  Sp.  Gr.  of  aqueous  vapor  f  What  is  meant  by  the  term 
Sp.  Gr.  as  applied  to  a  vapor,  and  under  what  conditions  is  it  assumed  to 
be  taken  ?    (§§  1  and  18).  Ans.  9, 

20.  In  Table  III.  the  weight  of  one  litre  of  aqueous  vapor  under  the 
standard  conditions  of  temperature  and  pressure  is  given  as  9  criths.  Why 
is  this  value  a  fiction  ?  and  why  is  an  impossible  value  given  in  the  table  ? 
(Chem.  Phys.  §  329.) 

21.  In  the  experiment  indicated  by  reaction  [66]  the  oxygen  gas  was 
collected  in  a  bdl-glasis  over  water.  It  measured  1,101  cTml*  at  the  tem- 
perature 22^.3  and  under  a  pressure  of  76  c.  m.  What  was  the  volume  of 
chlorine  gas  used,  measured  under  the  normal  conditions  ?  The  tension  of 
aqueous  vapor  at  22^.3  is  2  c.  m.  Ans.  2  litres. 

22.  How  much  copper  will  be  reduced  in  the  formation  of  9  grammes 
of  water,  and  what  volume  of  hydrogen  gas  will  be  used  in  the  reaction  1 

Ans.  31.7  grammes  of  copper,  and  11.16  litres  of  hydrogen. 

23.  It  has  been  found  by  exact  experiments  that  for  every  9  grammes 
of  water  formed  by  reaction  [67]  the  cupric  oxide  lost  in  weight  8  grammes. 
What  is  the  percentage  composition  of  water  ? 

Ans.  11.112  of  hydrogen,  and  88.888  of  oxygen. 

24.  .Given  percentage  composition  of  water  and  the  Sp.  Gr.  of  aqueous 
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rttpor,  and  —iiiiiiin;  that  the  mnlwailff  of  water  eonlaiiia  oolj  one  oxjgen 
atom,  how  can  joa  dednee  the  atomk  weight  at  <xxjgen.l    Q  24.) 

25.  Aamming  that  all  the  heat  of  eombostion  is  utilized,  how  manj 
litres  of  hjdrogen  miut  he  bamt  to  concert  into  free  steam  one  kilogramme 
of  boiling  water,  and  how  does  the  Tolnme  of  steam  generated  compare  with 
the  volume  of  gas  bnint  ? 

Ana.  176.8  litres  of  hydrogen  gas»  and  1,240  litres  of  steam,  when  reduced 
to  standard  conditionsw    (§§  15,  IS,  and  66b) 


26.  Assuming  that  all  the  heat  of  combustion  is  retained  in  the  aqneons 
vapor  formed  from  the  bomt  hydrogen,  how  will  the  volume  of  the  ex- 
panded vapor  compare  with  that  of  the  gas  consumed  T 

Ans.  By  problem  on  page  162  it  appears  that  the  temperature  of  the 
vapor  would  be,  under  the  conditions  assumed,  6,853°.  Hence 
by  [11]  the  volume  would  be  26.06  times  as  great  as  that  of  the  gas. 

27.  Assuming  that  the  whole  volume  of  gas  resulting  frx>m  the  elec- 
trolysis of  water  is  retained  in  the  space  previously  occupied  by  the  water, 
what  would  be  its  tension  t  Ana.  1,860  atmospheres. 

28.  What  is  the  relation  of  an  anhydride  to  an  acid,  or  of  a  metallic  oxide 
to  a  hydrate?    (§§  38  and  48.) 

29.  What  objections  may  be  raised  to  the  method  of  writing  the  symbols 
of  acids  and  bases  used  in  [70]  1 

30.  What  is  the  distinction  between  a  compound  radical  and  a  radical 
substance  7 

31.  Why  does  reaction  [73]  sustain  the  view  that  hydric  peroxide  con- 
tains the  radical  hydroxyl  ?  Do  not  reactions  [72],  [74],  and  [76]  point  to 
another  view  of  its  constitution  7 

32.  Analyze  reaction  [75],  and  show  that  it  is  in  harmony  with  the 
modem  theory  of  the  constitution  of  the  oxygen  molecule. 

33.  Can  yon  explain  reactions  like  [121]  on  any  other  theory  <^b^  the 
one  suggested  in  the  context  7 
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DIVISION  IL 

126.  FLUORmZL  ^=19.  —  Quantivalence  nscudlj  one.  A 
chief  constituent  of  fluo^6par,  OaF^,  and  of  dyolite,  Na^lfF^^. 
Found  also,  but  in  small  quantities,  in  apatite,  tourmaline,  mica,  and 
a  few  other  minerals.  Also  in  the  bones  of  animals,  especially  in  the 
teeth.  The  elementary  substance  F-F  is  probably  a  gas,  but  it  has 
not  with  certainty  been  isolated. 

127.  Hydrofluorio  Aoid.  IfF,  —  The  anhydrous  acid  is  at  15^  a 
colorless  mobile  liquid,  extremely  volatile,  boiling  at  19^.5,  densely 
fuming  in  the  air,  and  attracting  greedily  water  from  the  atmosphere. 
It  is  exceedingly  corrosive,  and  a  highly  dangerous  substance.  The 
dilute  acid  is  obtained  by  distilling  a  mixture  of  powdered  fluor-spar 
and  sulphuric  acid  in  a  platinum  or  lead  retort 

CaF,  +  (ITiSO^  +  Aq)  =  CaSO^  +  2  SG?  +  ^.        [76] 

Cryolite  may  be  used  instead  of  fluo^6par.  This  acid  is  distinguished 
for  its  power  of  dissolving  silica,  with  which  it  forms  volatile  products. 
Hence  it  is  much  used  in  chemical  analysis  for  decomposing  siliceous 
minerals,  and  in  the  arts  for  etching  glass. 

128.  CHLORINH  C/ =  35.5.  —  Quantivalence  usually  one,  but 
probably  also  of  higher  uneven  orders.  Very  widely  distributed  in 
nature,  chiefly  in  combination  with  sodium,  forming  common  salt. 

129.  Chlorine  Oas.  OlrCL — Yellowish-green  gas,  which  may  be 
liquefied  by  pressure,  but  has  never  been  frozen.  Soluble  in  water, 
with  which  it  forms  at  0^  a  crystalline  hydrate.  Highly  corrosive,  and 
enters  into  direct  uiuon  with  most  of  the  elementary  substances.  Dis- 
chaiges  vegetable  colors  and  destroys  noxious  effluvia,  and  hence  much 
used  in  the  arts  as  a  bleaching  and  disinfecting  agent  Prepared  by 
gently  heating  in  a  glass  flask  a  mixture  of  hydrochloric  acid  and  man- 
ganic dioxide. 

MnO,  +  {iHCl  +  Aq)  =  {JfnCi^  +  2 J7,0  +  Aq)  +  (Sl-CSL  [77] 

Chlorine  gas  is  a  very  important  chemical  reagent.  It  not  only 
converts  many  simple  chlorides  into  perchlorides,  but,  with  the  inter- 
vention of  water  or  of  some  other  oxygen  compound,  it  also  acts  as  an 
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oxidizing  agent,  and  to  thia  effect  ita  bleaching  power  ia  probably  in 
great  measure  owing. 

(Sn  a^+Ol^  +  Aq)  =  {Sn  Cl^  +  Aq).  [78] 

3Ni-(HO),  +  (a/-(7Z  +  ilj)  =  [NiJi(HO),  +  (iV«?/,  +  ii j).  [79] 

When  the  aqueous  solution  is  exposed  to  direct  sunlight,  a  reaction 
like  [66]  results,  and  oxygen  gas  is  set  free.  Chlorine  has  also  a  remark- 
able power  of  replacing  hydrogen  in  many  of  its  compounds*     (§  30.) 

130.  ■Hydrochloric  Acid.  H^l.  —  A  colorless  gas  which  maybe 
liquefied  by  cold  and  pressure,  but  has  not  been  frozen.  Exceedingly 
soluble  in  water,  which  at  4^  absorbs  its  own  weight,  or  about  480 
times  its  volume,  of  the  gas.  This  solution  is  very  much  used  in  the 
laboratory  as  a  reagent,  and  an  impure  solution  called  muriatic  acid 
is  manufactured  on  a  large  scale  for  the  uses  of  the  arts.  From  the 
Sp,  Gr,  of  the  liquid  acid  we  can  determine  very  closely  the  quantity 
of  gas  held  in  solution,  by  means  of  tables  in  which  the  results  of  care- 
ful experimental  determinations  have  been  tabulated.  The  following 
extracts  from  a  table  by  Dr.  Ure  give  all  the  data  required  for  calcu- 
lating the  problems  in  this  book. 


Sp,  Or, 

Percent 

Sp.  Gr. 

Percent 

Sp.  Gr. 

Percent 

Sp.  Gr. 

Percent 

16*0. 

Ha 

WO. 

HCL 

Ifi'C. 

Ha. 

15«0. 

HO. 

1.2000 

40.777 

1.1410 

28.544 

1.0899 

18.849 

1.0397 

8.155 

1.1898 

88.380 

1.1808 

26.505 

1.0798 

16.810 

1.0298 

6.116 

1.1802 

86.292 

1.1206 

24.466 

1.0697 

14.271 

1 .0200 

4.078 

1.1701 

84.252 

1.1102 

22.426 

1.0597 

12.283 

1.0100 

2.089 

1.1599 

32.218 

1.1000 

20.388 

1.0497 

10.194 

1.0060 

1.124 

Pure  hydrochloric  acid  is  prepared  in  the  laboratory  by  heating 
common  salt  with  about  twice  its  weight  of  sulphuric  acid  in  a  glass 
flask,  and  conducting  the  gas  formed  into  large  glass  vessels  containing 
water. 

iTaC/  +  (^-^04  +  Aq)  =  mNa^SO,  -f  Aq)  +  SHOL     [80] 

In  the  arts,  however,  only  one  half  as  much  sulphuric  acid  is  used, 
but  then  the  materials  must  be  heated  to  a  much  higher  temperature, 
and  large  iron  retorts  are  employed. 


2NaCl  +  If^O^  =  N(hSO^  +  2 ISKSL 


[81] 
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Hydrocfalorio  acid  may  also  be  obtained  by  diiectly  uniting  hydn^gen 
and  chlorine  gas. 

JBrSB -k- (3i-<3i  :=  2VB,(SL  [82] 

By  electrolyzing  the  aqueous  solution,  the  last  reaction  is  leTeised  and 
the  acid  is  decomposed.  It  may  also  be  readily  decomposed  by  metal" 
lie  sodium. 

2  mm  +  Na-Na  =  2  NaCl  +  SIHL  [83] 

Liquid  hydrochloric  acid  diBSolves  most  of  the  metals  and  the  me- 
tallic oxides,  and  its  uses  in  practical  chemistry  are  illustrated  by  the 
following  reactions.     See  also  [77]. 


Sn  +  (2  BCl  +  Aq)  s=z  (SnOl^  +  Aq)  +  31-10. 
ZnO  +  (2  BOl  +  Aq)  =  {ZnO^  +  H^O  -h  Aq). 


[84] 
[85] 


[AyO,  +  (6  HCl  +  Aq)  =  pyCTe  +  3  ^,0  +  Aq).         [86] 

131.  Compounds  of  Chlorine  and  Oxygen.  —  All  of  them  un- 
stable, and  most  of  them  explosive.  In  regard  to  their  molecular  con- 
stitation  different  views  are  entertained,  and  the  following  symbols, 
which  represent  chlorine  as  a  multivalent  atom,  must  not  be  regarded 
as  established. 


Hypochlorous  Acid    H-O-Cl 
Chlorous  Acid 
Chloric  Acid 
Perchloric  Acid 


H-O^IO 


Hypochlorous  Oxide    Cl^O 
Chlorous  Oxide  CltO^ 

Chloric  Dioxide  ClOt 


vn 
ItO-ClO^ 


The  following  scheme  will  show  how  the  possible  adds  and  oxides 
of  a  multivalent  radical  may  be  classified. 


OrpMhlonos          Ohloroos 
Aekto.                 Addi. 

Chlorfe                   PvrehloilB 
▲dcU.                       Addi. 

I                     m 

Ortho^id            H'OCl      B^*Oj€l 

V                        vn 

First  Anhydride           01^0    B^OaO 

IT^'Oj^aO       H}0}C10 

Second    "                                      Cl^O^ 

B-O-CIO^       HfO^^ClO^ 

Third       " 

citO^     H-o-ao^ 

Fourth    «* 

CltO, 

19 
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I,  +  {B^^  Aq)  =  S  +  (2H7+  Aq).  [90] 

The  aqueous  acid  is  rapidly  decomposed  by  the  oxygen  of  the  air, 
which  unites  with  its  hydrogen,  when  the  liberated  iodine  dissolving 
in  the  liquid  imparts  to  it  a  deep-red  color. 

138.  Iodine  and  Oxygen. —  Iodic  add,  HIO^^  may  be  readily 
prepared  by  boiling  iodine  with  concentrated  nitric  acid. 

3/,+  10-ff:VO3  =  6jy/O3-h2-fl;O+  lOi^O.  [91] 

On  concentrating  the  resulting  solution  we  obtain  a  white  ciystaUine 
solid,  which  at  200^  loses  water  and  forms  a  white  powder  which  is 
the  only  known  oxide  of  iodine,  Ifi^,  and  readily  recombines  with 
water,  dissolving  in  the  liquid  with  evolution  of  heat  At  300°  the 
oxide  decomposes  into  iodine  and  oxygen.  Combustible  bodies  defla- 
grate when  heated  with  iodic  acid  or  with  iodic  oxide,  and  when  in 
solution  the  acid  is  reduced  by  SO^,  by  H^,  and  also  by  HL  We 
should  expect  to  find  iodic  acid  monobasic,  yet  it  forms  not  only  acid, 
but  also  diacid  salts.  In  order  to  reconcile  these  facts  with  the  uni- 
valence  of  iodine,  it  has  been  usual  to  regard  the  acid  salts  as  molecular 
compounds,  and  the  symbols  of  the  potassium  salts  have  been  written 
thus  : 

but  their  constitution  can  be  more  reasonably  represented  on  the  theory 
that  iodine  is  multivalent,  according  to  the  scheme  of  §  131. 

Sodium  iodate  occurs  in  minute  quantities  in  Chili  saltpetre,  and  is 
one  of  the  sources  of  iodine. 

Periodic  acid,  fflO^  +  2//^0,  formed  by  the  action  of  iodine  on 
aqueous  perchloric  acid,  is  a  colorless  deliquescent  solid,  which  is 
completely  decomposed  at  140°  into  iodic  oxide,  water,  and  oxygen. 
The  periodates  have,  as  a  rule,  a  very  complicated  structure,  which  is 
not  fully  understood,  and  can  with  difficulty  be  explained  on  the  sup- 
position that  iodine  is  always  univalent. 

139.  Iodine  and  Chlorina  —  The  two  compounds  ICl  and  lOl^ 
have  both  been  obtained  as  colorless  crystalline  solids,  but  they  are 
exceedingly  unstable.  A  compound  of  iodine  and  bromine,  and  per- 
haps also  one  of  bromine  and  chlorine,  have  been  formed,  but  they  are 
so  unstable  that  their  constitution  has  not  been  determined. 

The  three  elements  chlorine,  bromine,  and  iodine  form  a  well- 
defined  natural  group,  and  a  careful  companson  will  show  that  the 
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properties  both  of  the  elementaiy  sabstancee  and  of  their  compoonds 
conform  closely  to  the  law  of  progression  which  marics  a  chemical 
series.  These  elements  are  all  highly  electro-negative  bodies,  but  as 
we  descend  in  the  series  we  find  that  this  character  becomes  less 
marked,  and  hence  their  chemical  energy,  as  manifested  by  the 
strength  of  their  afiinity  for  elements  of  the  opposite  class,  such  as 
hydrogen  and  the  electro-positive  metals,  diminishes  as  the  atomic 
weight  increases ;  and  this  law,  as  will  appear,  obtains  with  few  ex- 
ceptions in  all  the  chemical  series.  Moreover,  it  wiU  also  be  found, 
as  might  indeed  be  anticipated,  that  elements  so  closely  related  as 
these  are  almost  invariably  found  associated  in  nature. 

140.  Charaoterlstlo  Reaotlons. —  The  soluble  chlorides,  bromides, 
and  iodides  all  give,  with  a  solution  of  argentic  nitrate,  precipitates 
insoluble  in  water  and  dilute  acids.  The  iodide  of  silver  may  bo  dis- 
tinguished from  both  the  chloride  and  the  bromide  of  the  same  metal 
by  its  yellow  color  and  insolubility  in  aqua  ammonia,  in  which  the 
last  two  dissolve,  and  the  chloride  much  more  readily  than  the  bro- 
mide. Bromine  and  iodine  may  both  be  expelled  from  their  salts 
by  chlorine,  when  the  first  may  be  recognized  by  the  red  color  which 
it  imparts  to  ether  or  chloroform,  and  the  last  by  the  exceedingly 
characteristic  blue  color  which  it  gives  to  starch  paste.  Fluorine  is 
easily  discovered  because  its  compounds,  when  heated  in  a  glass  tube 
with  potassic  bisulphate,  yield  hydrofluoric  acid,  which  etches  the  glass. 
This  element,  although  closely  allied  to  the  other  three,  differs  so 
greatly  in  some  of  its  chemical  relations  that  it  is  doubtful  whether 
it  belongs  to  the  same  chemical  series.  * 

QUESTIONS  AND  PROBLEMS. 

1.  It  appears  that  10  grammes  of  pure  fluor-spar  yield  17.436  grammes 
of  calcic  sulphate.  [76.]  Assuming  that  the  atomic  weight  of  calcium  is  40, 
that  of  SO^  to  be  96,  and  also  that  the  symbol  of  fluor-spar  is  CckF^  what  is 
the  atomic  weight  of  fluorine  ?  Ans.  19- 

8.  How  much  fluor-spar  and  how  much  sulphuric  acid  must  be  used  to 
generate  sufficient  hydrofluoric  acid  to  neatraltze  53  grammes  of  eodic  car- 
bonate ?  Ans.  39  grammes  of  fluor-spar,  and  49  of  sulphuric  acid. 

3.  How  much  liquid  hydrochloric  acid,  Sp.  Gr.  1.1893,  and  how  much 
MnOff  will  yield  one  litre  of  chlorine  gas? 

Ans.  3.897  grammes  of  IfnO,,  and  17.06  grammes  of  hydrochloric  add. 
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4.  In  [77]  K^Cr^O^  may  often  be  conveniently  used  in  place  of  MnO^. 
Write  the  reaction,  knowing  that  (Or^Cl^  +  Aq)  is  one  of  the  products. 

5.  Fifty-nine  grammes  of  metallic  tin  were  dissolved  in  hydrochloric  acid 
[84],  and  into  this  solution  chlorine  gas  was  passed  until  all  the  tin  was 
converted  into  perchloride.  How  many  litres  of  hydrogen  gas  were  evolved 
in  the  first  process,  and  how  many  of  chlorine  gas  absorbed  in  the  second  ? 

Ans.  11.16  litres  of  each. 

6.  Analyze  reaction  [79],  and  show  in  what  way  the  chlorine  gas  acts  as 
an  oxidizing  agent. 

7.  Write  the  reaction  which  takes  place  when  an  aqueous  solution  of 
chlorine  is  exposed  to  the  sun's  direct  rays.  How  far  does  this  explain 
[79]? 

8.  Five  grammes  of  liquid  hydrochloric  add  are  mixed  with  a  solution  of 
argentic  nitrate,  the  last  being  in  excess.  The  precipitated  argentic  chloride 
was  collected,  washed,  dried,  and  weighed.  The  weight  was  3.206  grammes. 
Required  the  per  cent  of  HCl  in  the  solution.  Ans.  16.31. 

9.  One  volume  of  common  muriatic  acid,  Sp.  Gr.  1.2,  contains  how  many 
volumes  of  HCl  gas  ? 

Ans.  1  cTm^*,  or  1.200  grammes,  contains  0.489  gramme  of  HCl,  or  315.8 
cTlm*'  measured  at  15^.    [9.] 

10.  In  order  to  make  one  litre  of  common  muriatic  acid  of  i^.  Gr.  1.16, 
how  much  salt  and  how  much  sulphuric  acid  must  be  used^  and  how  much 
water  must  be  placed  in  the  condenser?    [81.] 

Ans.  598.9  grammes  of  salt,  1003  grammes  of  sulphuric  add,  and  786.3 
^        grammes  of  water. 

11.  On  what  does  the  economy  of  the  process  [81]  over  [80]  depend ! 

12.  The  process  [81]  undoubtedly  takes  place  in  two  stages.  One  half  of 
the  HCl  is  given  off  at  Idw  temperature,  but  it  is  necessary  to  heat  the 
retort  to  a  red  heat  to  drive  off  the  last  portions.  What  are  the  two  stages! 
Write  the  reaction  of  the  second  stage. 

13.  The  reaction  [82]  is  said  to  prove  that  both  hydrogen  and  chlorine  gas 
have  molecules  consisting  of  two  atoms.  On  what  postulates  does  the  proof 
rest  1    (§§  18  and  19.) 

14.  One  litre  of  hydrochloric  acid  gas  will  yield  by  [83]  how  many  litres 
of  hydrogen  gas  1  Ans.  ^  of  a  litre. 

15.  Point  out  the  differences  between  the  reactions  [84,  85,  86,  and  77  J 
and  the  relations  on  whidi  the  differences  depend. 
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16.  Show  that  the  compoundB  of  chlorine  and  oxygen  may  be  regarded 
as  compounds  of  chlorine  and  hydrozyl,  leas  a  certain  number  of  mole- 
cules of  water.  What  quantivalence  would  it  then  be  necessary  to  assign  to 
chlorine  ? 

Til  •  TII 

Ans.  For  one  case,  (FC^tu  CI  —  ZH^O  =  (HO)-CW)fiA 

17.  It  has  been  found  by  very  careful  experiments  that  100  parts  of 
potassic  chlorate  yield  by  [88]  60.85  parts  of  potassic  chloride ;  and,  further, 
that  100  parts  of  potassic  chloride  give  by  precipitation  192.4  parts  of  argen- 
tic chloride.  Assuming  that  the  symbols  of  these  compounds  are  those 
given  above,  what  must  be  the  atomic  weights  of  chlorine,  potassium,  and 
silver?  It  is  also  assumed,  as  found  by  previous  experiments,  that  the 
atomic  weight  of  oxygen  is  16,  and  that  100  parts  of  silver  combine  with 
32.87  of  chlorine.  Ans.  CZ  =  35.5,  K  =  39.1,  Ag  =  108. 

18.  The  chlorine  gas  evolved  from  1.740  grammes  of  MnO^  is  passed  into 
a  solution  of  potassic  iodide.    How  much  iodine  will  be  thus  set  free  ? 

Ans.  5.081  grammes. 

19.  When  chlorine  is  passed  into  a  cold  dilute  solution  of  KOH,  the 
sah  KOCl  is  formed ;  but  if  the  solution  is  hot  or  concentrated,  KCIO^  ia 
formed,  and  the  other  products  in  each  case  are  KCl  and  H^O,  Write  the 
reactions. 

20.  When  potassic  chlorate  is  cautiously  heated  to  a  few  degrees  above 
its  melting  point,  and  maintained  at  that  temperature,  it  is  found  that,  after 
one  third  of  its  oxygen  has  been  driven  off,  the  melted  salt  becomes  again 
nearly  solid,  and  must  be  heated  to  a  higher  temperature  to  expel  the  re- 
mainder of  the  oxygen.  When  the  change  is  arrested  at  the  end  of  the  first 
stage,  the  white  residue  is  a  mixture  of  potassic  perchlorate  and  potassic 
chloride.    Write  the  reaction. 

21.  When  bromine  water  is  shaken  up  with  HgO^  a  solution  of  hypo- 
bromous  acid  is  formed.    Write  the  reaction* 

22.  When  bromine  is  dissolved  in  a  solution  of  potassic  or  sodic  hydrate, 
a  bromate  of  these  alkaline  bases  is  formed.    Write  the  reaction. 

23.  Bromate  of  silver  is  precipitated  on  the  addition  of  argentic  nitrate  to 
a  solution  of  an  alkaline  bromate.  and  a  solution  of  bromic  acid  may  be 
obtained  by  treating  the  silver  salt  suspended  in  water  with  bromine.  Write 
the  reactions. 

24.  A  solution  of  bromic  acid  is  reduced  by  80^  by  H^S,  and  by  HBr, 
In  addition  to  free  bromine  the  products  are  either  sulphuric  acid,  sulphur, 
or  water.    Write  the  reactions. 
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S6.  Iodic  acid  may  be  formed  bj  the  action  of  chlorine  gas  on  iodine 
suspended  in  water.  The  chlorine  decompoees  the  water  bj  oniting  with 
its  hydrogen.    Write  the  reaction. 

26.  Ai^Miming  that  iodine  ia  multivalent^  can  you  write  the  symbolB  of 
the  acid  potaaaic  iodates  in  a  more  probable  form  1  Make  a  scheme  of  the 
poflfidble  acids  and  oxides  of  iodine-  n 

27.  In  testing  for  iodine  with  chlorine  water  and  starch,  why  is  it  im- 
portant to  avoid  an  excess  of  chlorine  ?   (§139.) 

28.  It  appears  from  recent  experiments  that,  while  below  700^  the  (A]i. 
6rr.)  of  iodine  vapor  is  8.73|  above  1,400^  it  is  only  about  one  half  of  this 
amount,  the  density  decreasing  as  the  temperature  rises,  and  reaching  a 
minimum  at  the  temperature  stated.  What  conclusion  do  you  draw  from 
these  facts  in  regard  to  the  molecule  of  iodine  in  these  two  conditions  ?  Do 
they  have  any  bearing  on  the  question  discussed  in  §  64?  If  at  high  tem- 
peratures atoms  can  be  isoLited  and  act  as  molecules,  may  they  not  act  in  a 
similar  way  at  low  temperatures?  We  know  that  magnetic  polarity  is  de- 
stroyed by  heat.  May  not  that  mode  of  chemical  polarity  which  we  con- 
ventionally represent  by  atomic  bonds  be  similarly  affected  ($90)?  Do 
not  such  considerations  bear  on  the  question  of  variable  quantivalence  ? 
Beview  in  this  connection  the  molecular  stroctuie  of  the  .oxides  of  ni- 
trogen. 
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DIVISION  III 

141.  SODZUIff.  I^a  =  23.  —  Univalent  (Combined  with  chlorine 
it  forms  common  salt,  a  substance  which  is  very  widely  distributed 
throughout  nature.  It  also  enters  into  the  composition  of  a  few  other 
minerals  as  an  essential  constituent^  and  several  of  its  salts  find  im- 
portant applications  both  in  the  arts  and  in  common  life. 

142.  Metallic  Bodinm.  NarNa.  —  Soft,  white  metal,  with  bril- 
liant lustre,  but  rapidly  tarn^ing  in  the  air.  Sp.  Gr.  =  0.97.  Fuses 
at  90^  and  boils  at  a  red  heat.  Sp.  Gr.  =  22.8.  When  heated  in 
the  air,  it  bums  with  intensely  yellow  flame,  the  chief  product  being 
iVogOg.  Decomposes  water  at  the  lowest  temperatures.  Prepared  by 
distilling  a  mixture  of  sodic  carbonate  and  charcoal  in  an  iron  retort 

NasCOs  +  2  C  =  S9a-3?a  -{-  3  (9®.  [92] 

Used  in  the  extraction  of  aluminum,  and  in  the  chemist's  laboratory  as 
a  powerful  reducing  agent. 

143.  Sodic  Chloride  (Common  Bait).  iiTaC/.  —  White  crystal- 
line salt  (isometric.  Fig.  27).  Sp.  Gr.  =  2.078.  Melts  at  red  heat 
Volatilizes  at  white  heat  Soluble  in  about  three  times  its  weight  of 
water.  Obtained  from  salt  beds  and  by  the  evaporation  of  saline 
waters.  An  essential  article  of  food.  The  source  of  almost  all  the 
sodium  salts.     Used  for  preserving  meat 

144.  Bodio  Carbonate.  Nii^CO^.  —  The  crystallized  salt  contains 
in  addition  10  £^0  {ScU  Soda),  but  effloresces  in  drjf  air.  White 
soluble  salt,  having  an  alkaline  reaction.  Formerly  prepared  by  the 
lixiviation  of  the  ashes  of  certain  marine  plants  .called  barilla.  In  the 
United  States  it  is  obtained  to  a  limited  extent  ftom  cryolite  (§  126) ; 
but  the  great  mass  of  the  soda  of  commerce  is  chiefly  made  from  com- 
mon salt  by  Leblanc's  process.  This  consists,  —  First,  in  treating 
common  salt  with  sulphuric  acid,  which  in  two  stages  converts  sodic 
chloride  into  sodic  sulphate  (Prob.  10,  page  290). 

2 NaCl  -f-  ff^O^  =  Na^O^  +  2in®L  [93] 

Secondly,  in  melting  on  the  hearth  of  a  reverberatory  furnace  the  sodio 
sulphate  with  chalk  and  fine  coal,  a  process  in  which  the  two  follow- 
ing reactions  take  place  simultaneously : — 
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bNa^O^  +  20(7  =  5-Ki,5+  20(9®.  [94] 

5iKi,5+  7Ci»C0,=  bN(HCO^  +  5Ca*S,  2t;aO+  2®®,.     [95] 

Thirdly,  by  Ibdviating  the  non-volatile  product  of  the  last  reaction 
(called  black-ball)  with  water,  which  dissolves  only  the  sodic  carbon- 
ate.- Used  in  washing,  in  the  manufacture  of  glass  and  soap,  and  in 
the  preparation  of  other  sodium  salts.  Also  an  important  reagent  in  the 
laboratory.  Precipitates  most  of  the  metals  ftom  solution  of  their  salts, 
generally  as  carbonates. 

{CaCl^  +  Na^CO^  -h  Aq)  =  CaCp.  +  (2  NaCl  -h  Aq).      [96] 

When  fused  in  large  excess  with  insoluble  silicates  or  sulphates,  it 
decomposes  them.  Sodic  silicate  or  sulphate  is  formed,  which  is 
soluble  in  water,  and  metallic  carbonates,  soluble  in  acids. 

BaSO^  +  xNa^CO^  =  BaCO^  -f  Na^SO^  +(«-!)  N<hGO^.    [97] 

145.  Aoid  Bodlo  Carbonate  (Bicarbonate  of  Soda).    JT^NirCO^ 

—  The  crystallized  neutral  carbonate,  when  exposed  to  an  atmosphere 
of  carbonic  anhydride,  absorbs  the  gas,  and  is  converted  into  this  pro- 
duct (a  white  powder). 

Na^CO^ .  10  ff^O  -h  O®,  =  2  H^NcpCO^  -f  9  B^O.         [98] 

Used,  under  the  name  of  saleratus,  for  raising  bread,  and  in  the 
preparation  of  various  efTervescing  powders. 

{H^Nar-CO^  +  H.K-CJJfi^  -h  Aq)  = 

Cretm  of  Tartar. 

(Na,K-CJIfi^->rH^O-VA<i)Ar<Sm^    [99] 

BodMlla  Balla.  •        ■.       j 

146.  Bodio  Hydrate  (Cauatlo  Soda).  No- OH, — Amorphous 
white  solid,  having  very  strong  attraction  for  water,  in  which  it  dis- 
solves in  all  proportions,  evolving  considerable  heat.  Solution  power- 
fully alkaline  and  strongly  caustic  Prepared  by  adding  milk  of  lime 
to  a  solution  of  sodic  carbonate. 

{NoiCO^  -h  C(p{HO\  +  J^)  =  Ca-C03  +  (2  ^a-BO  +  Aq).  [100] 

To  obtain  the  solid,  the  solution  must  be  decanted  from  the  insoluble 
chalk  (CaCO^)  and  evaporated  to  dryness.  The  solution  itself  is  a 
very  valuable  reagent  in  the  laboratory,  and  a  crude  solution  (lye)  is 
used  in  the  arts  for  making  soap.     Caustic  soda  will  completely  neu- 
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tfalize  the  strongest  aoids.    On  evaporating  the  nential  solution,  we 
obtain  the  sodic  salt  of  the  acid  used. 

(NaO-H  +  HO-NO^  +  Aq)  =  NaO-NO^  +  Hfi  +  Aq).     [101] 
(2  NaO'JI+  (ffO)t'C^O^  +  Aq)  =  {{Nh  0)^-0^0^  +  2  i/.O  +  Aq).  [102] 

Oxalia  Asid. 

Sodic  salts  of  weak  acids  have  an  alkaline  reaction. 

147.  Oxides  of  Bodinm.  —  Sodic  Oxide,  Na^O.  Sodic  Peroxide, 
Na^-iO-O). 

148.  Sodio  Nitrate  (Saltpetre,  Cubic  Nitre).  NarNO^^AmX- 
ural  product  found  incrusting  the  soil  in  the  desert  of  Atacama.  Crys- 
tallizes in  rhombohedrons  resembling  cubes.  Much  used  for  making 
nitric  acid. 

149.  POTASSIUM.  jr=:39.1.  —  Univalent.  An  important  con- 
stituent of  felspar  and  mica,  two  very  widely  distributed  silicious 
minerals.  A  constituent  also  of  all  fertile  soih  which  are  formed  in 
part  by  the  disintegration  of  rocks  containing  these  minerals.  By  the 
action  of  atmospheric  agents  on  the  soil,  soluble  potassium  salts  are 
formed,  which  are  absorbed  by  the  growing  plants  whose  ashes  are  the 
chief  source  of  the  potassium  salts  of  commerce.  But  these  salts  are 
now  also  obtained  from  the  salt  beds  of  Stassfurt  in  Grermany. 

150.  Metallio  Potassitim.  K-K.  — Eesembles  sodium,  but  has  a 
bluish  tinge  of  color ;  Sp,  Gr.  =  0.865.  Brittle  at  0**.  Soft  at  15*. 
Melts  at  55^.  Sublimes  in  green  vapors  at  a  low  red  heat.  Bums 
when  heated  in  the  air,  and  takes  fire  spontaneously  on  water.  Pre- 
pared by  distilling  in  an  iron  retort  the  intimate  mixture  of  potassic 
carbonate  and  charcoal  obtained  by  charring  crude  tartar.  Reaction 
same  as  [92],  substituting  K  for  Na,  More  powerful  reducing  agent 
than  sodium  ;  hence  obtained  with  greater  difficulty.  More  expensive, 
and  less  used  on  that  account. 

151.  Potauio  Carbonate.  K^CO^.  —  White  deliquescent  salt, 
with  strong  alkaline  reaction.  The  crude  salt  {Pota-shes  of  commerce) 
is  obtained  by  lixiviating  wood-ashes  and  evaporating  the  lixivium. 
Purified  by  dissolving  in  a  small  quantity  of  boiling  water,  and  crys- 
tallizing out  the  impurities.  Largely  consumed  in  the  arts  for  manu- 
facturing glass  and  soap,  and  for  preparing  other  compounds  of 
potassium. 

152.  Aoid  Potaaaio  Carbonate  (Bicarbonate  of  Potash). 
HyK*CO^  —  White  crystalline  salt,  prepared  by  passing  CO^  through 
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a  strong  solution  of  the  neutral  carbonate.     Reaction  like  [98],  sub- 
stituting K  for  No, 

153.  Potauio  Hydrate  (Canatlc  Potash).  HyK^O.  —  White 
amorphous  solid,  prepared  like  caustic  soda  [100],  which  it  closely 
resembles,  but  is  more  deliquescent  and  more  strongly  alkaline.  Forme 
with  fats  ''  soft  soaps,"  while  soda  forms  '^  hard  soaps."  like  caustic 
soda,  an  important  reagent  in  the  laboratory.  Precipitates  fix>m  solu- 
tions of  their  salts  most  of  the  metals,  generally  as  hydrates,  but 
sometimes  as  oxides.  In  some  cases  the  precipitate  is  soluble  in  an 
excess  of  the  reagent 

{Ca^SO^  +  2  K^HO)  +  Aq) «  Ca-(HO),  +  {K^SO^  +  Aq),  [103] 
(2  Ag-NO^  +  2  K-iHO)  +  Aq)  - 

Ag,o  +  (zr,o  +  2A'-jro,  +  ii^).  [104] 

([^yC/«  +  ^K-iHO)  +  Ai)  =  [AlJi(HO)«  +  (6  KCl  +  i?).  [106] 
[Ayi(HO)«  +  (6Z-jyO  +  Aq)  =  {K^OllAl^  +  6  j?,0  +  Aq\  [106] 

PolMtle  iklamlnato. 

154.  Oaddes  of  Potaasium.  —  Potassic  Oxide,  K^O.  Potassic 
Dioxide,  K^{ O 0).     Potassic  Tetroxide,  K^'{0-0-O 0). 

155.  Potaaaic  Chloride  (Sylvine).  KCL  —  Isomorphous  with 
NaCL  Found  associated  with  CamaUite  (KCl .  MgCl^ .  6  Hfi)  in  the 
mines  of  Stassfurt 

156.  Potaasio  Kitrate  (Kitre).  JOTO,.  —  White  crystalline  salt 
Dimorphous.  Usual  form  of  crystals  orthorhombic  prisms,  but  under 
certain  conditions  crystallizes  in  rhombohedra  like  NaNO^  (hexagonal). 
Melts  at  339^  without  decomposition.  Is  decomposed  at  a  red  heat, 
giving  off  a  mixture  of  oxygen  and  nitrogen  gases.  Deflagrates  on 
glowing  coals.  Nitre  is  a  natural  product,  and  is  chiefly  used  in  the 
manufacture  of  gunpowder.  It  is  also  employed  in  curing  meat,  and 
the  fused  salt  (sal  prunelle)  is  a  useful  medicine. 

157.  Characterlatio  ReactionB.  —  Salts  of  potassium  are  distin- 
guished from  those  of  sodium  by  giving  a  precipitate  with  an  excess 
of  tartaric  acid  and  with  acid  platinic  chloride. 

(KCl  +  H.IfCJTfi^  +  Aq)  =  H,K*C,H,0«  +  {HCl  +  Aq).    [107] 

Ttttirie  Add.  Add  PoteMie  Tartnto. 

(2  KCl  +  PtCl^Ht  +  Aq)  =  PtCl,K,  +  (2  HCl  +  Aq).      [108] 

158.  LITHIUM,  RUBIDIUM,  and  C2S8IUM  axe  found  in  yery 
minute  quantities  in  certain  mineral  waters,  in  lepidolite  mica,  and  in  a 
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few  other  rare  minerals.  They  are  always  associated  with  potassium  and 
sodium,  to  which  they  are  closely  allied  in  all  their  chemical  relations. 
They  form  with  sodium  and  potassium  a  series  of  electro-positive  ele- 
ments quite  as  well  marked  as  the  series  of  electro-n^ative  elements 
of  the  previous  group ;  and,  following  the  same  law,  the  most  electro- 
positive elements  are  the  lowest  in  the  series,  and  have  the  highest 
atomic  weights.  Hence,  therefore,  the  chemical  energy  of  the  elements 
of  this  group,  as  manifested  by  the  strength  of  their  afiinities  for  elo- 
monts  of  the  opposite  dass,  like  those  of  the  chlorine  group,  increases 
as  we  descend  in  the  series.  The  metal  lithium  is  remarkable  as  being 
the  lightest  solid  known.     Sp.  Gr.  =  0.59. 

159.  Gharacteristio  Reaotiona.  —  The  compounds  of  each  of  the 
five  ''alkaline  metals"  impart  a  peculiar  color  to  the  flame  of  the 
Bunsen  lamp.  These  colored  flames,  when  examined  with  the  spec- 
troscope, exliibit  characteristic  bands,  by  which  the  elements  may  be 
distinguished,  and  both  rubidium  and  cassium  were  discovered  by  this 
means.  (Chapter  XIV.)  As  an  almost  universal  rule,  the  simple  salts 
of  the  '*  alkaline  metals  "  are  soluble  in  water,  and  the  ready  solubility 
in  water  both  of  the  hydrates  and  the  carbonates  is  a  very  characteristic 
feature  of  these  elements. 
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1.  What  is  the  theoretical  Sp.  Gr.  of  sodium  vapor  ?  Ans.  23. 

2.  What  is  the  weight  of  1  litre  of  sodium  vapor  at  1,093^,  but  under  the 
normal  pressure  ?    ([12]  and  §  1.) 

Ans.  Weight  of  hydrogen  gas  under  the  conditions  named,  -^  of  a  crith. 
Hence,  weight  of  sodium  vapor,  4.6  critbs,  or  0.4121  of  a  gramme. 

3.  In  the  preparation  of  sodium  [92],  what  weight  of  metal  ought  to  be 
obtained  from  20  kilo,  of  sodic  carbonate,  and  how  many  litres  of  carbonic 
oxide  gas  should  be  formed  for  every  gramme  of  sodium  obtained  ? 

Ans.  8.680  kilo,  of  sodium,  and  1.446  litres  of  carbonic  oxide. 

4.  One  cubic  decimetre  of  rock-salt  contains  how  many  cubic  decimetres 
of  metallic  sodium,  and  how  many  litres  of  chlorine  gas  ? 

Ans.  0.8422  dTm.'  of  sodium,  and  396.5  litres  of  chlorine. 

5.  To  what  extent  is  the  solubility  of  common  salt  influenced  by  the  tem- 
perature ?  (CoDsolt  Storer's  Dictionary  of  Solubilitiefl^  and  compare  Fig.  2, 
page  149.) 
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6u  Given  the  specific  heat  of  common  salt  (0.214),  and  the  atomic  weights 
of  its  elements  (sodium  and  chlorineX  to  find  its  symbol. 

7.  How  much  sodic  carbonate  can  be  made  fix>m  500  kilogrammes  of  com- 
mon salt?  How  much  sulphuric  acid?  How  much  coal  and  how  much 
chalk  are  required  in  the  process,  according  to  the  theoiy  ? 

Ans.  463  kilo,  of  NaCO^,  41^6  kilo,  of  H^O^,  205  kHo.  of  C,  and  596.2 
kilaof  CiiCOg. 

8.  What  relation  ought  the  price  of  ciystallized  carbonate  of  soda  to  bear 
to  that  of  the  dry  salt,  if  the  intrinsic  value  is  alone  considered  ? 

Ans.  286 :  106. 

9.  In  order  to  convert  10  kilogrammes  of  crystallized  sodic  carbonate  into 
acid  carbonate,  what  volume  of  CO^  will  be  absorbed  ?       Ans.  780.3  litres. 

10.  What  is  the  difference  between  the  two  sodic  carbonates,  and  what  is 
the  reason  for  the  name  acid  carbonate  ?    (§  39.) 

11.  What  volume  of  CO^  can  be  obtained  from  3.72  grammes  of  acid  sodic 
carbonate  ?    [99.]  Ans.  1  litre. 

12.  The  symbol  of  sodic  hydrate  may  be  written  Na-O-H,  or  Na-Ho,  or 
(NaOyilf  and  to  what  three  possible  views  of  its  constitution  do  these  sym- 
bols correspond  ?  ([70]  and  §  23.)  Why  should  the  radicals  HO  or  NaO 
be  monads,  and  what  advantage  would  be  gained  by  writing  the  symbol  in 
one  way  or  the  other  ?    (§§  23  and  29.) 

13.  Why  does  calcic  hydrate,  a  comparatively  weak  base,  decompose  sodic 
carbonate  ?    (§§  22  and  57.) 

14.  A  solution  of  caustic  soda  was  exactly  neutralized  by  0.630  of  a 
gramme  of  crystollized  oxalic  acid  (Ho^CJ^^ .  2  H^O).  What  weight  of 
sodium  does  it  contain  ?  Ans.  0.230  gramme. 

15.  In  what  different  ways  may  you  write  the  graphic  symbol  of  potassic 
nitrate  ?  State  what  rules  must  be  followed  in  grouping  the  atoms.  (§§  23, 
29,  34,  and  54.)  Ans.  Z-iSTO,,  KO-NO^,  or  K-O-NO^. 

16.  What  conclusions  may  be  drawn  in  regard  to  the  distribution  of  the 
soluble  salts  of  sodium  and  potassium  based  on  the  nature  of  the  plants 
from  which  they  are  obtained  ? 

17.  On  what  relations  of  solubility  does  the  process  of  purifying  potassic 
carbonate  depend  ? 

IS.  If  in  a  chemical  process  potassic  or  sodic  carbonates  may  be  used  indif- 
ferex^tly,  what  relation  ought  their  prices  to  bear  to  each  other  in  order  that 
they  may  be  used  with  equal  profit  ?  Ans.  138 :  106. 
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19.  Analyze  equations  [103,  104,  105, 106],  and  show  that  the  various 
symbols  are  written  in  ccnformity  to  the  loles  refeired  to  above,  No.  15. 

20.  If  a  satoiated  solution  of  nitre  is  made  at  38^,  and  subsequently  cooled 
to  10%  what  proportion  of  the  salt  will  crystallize  out?    (Fig.  2.) 

Ans.  Two  thirds. 

21.  The  difference  between  the  two  kinds  of  soap  corresponds  to  what 
difference  of  properties  between  sodic  and  potassic  carbonate  ? 

Ans.  The  one  effloresces  and  the  other  deliquesces  in  the  air. 

22.  Bepiesent  by  graphic  symbols  the  constitution  of  the  different  potas- 
sic oxides. 

23.  Why  would  not  the  salts  of  sodium  be  precipitated  by  the  same  re- 
agents used  in  [107  and  108]  ?  Apply  the  same  principle  to  the  interpre- 
tation of  the  other  reactionB  of  this  section. 
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DIVISION  IV. 

160.  8JLVBR  Ag  =  108.  — Univalent.  Found  in  small  quanti- 
ties in  nature,  chiefly  in  the  metallic  state^  or  in  combination  with 
chlorine,  sulphur,  arsenic,  or  antimony. 

161.  MetaUio  BUver.  A^rAg  9  —  Sp.  6r.  10.474.  Fuses  at  about 
1,000^.    The  principal  ores  are 

Native  Silver  Ag-Ag 

Horn  Silver  AgCl 

Silver  Glance  ^^^s^ 

Light-red  Silver  Ore  (Proustite)  {AgS)^A% 

Dark-red  SQver  Ore  (Pyrargyrite)  \AgS)fSb 

These  ores  are  found  chiefly  in  mineral  veins,  either  by  themselves 
or  associated  with  ores  of  lead  and  copper,  with  which  they  are  fre- 
quently smelted,  and  the  silver  subsequently  separated  from  the  rogu- 
lus  thus  obtained.  Silver  does  not  oxidize  when  heated  in  contact 
with  the  air,  and  for  this  reason  is  readily  separated  from  lead  in  the 
process  of  cupellation. 

xAg^ .  yP6  +  J  yOO  =  xAg-Ag  +  yP&O.  [109] 

The  cupel  furnace  is  so  arranged  that  the  melted  litharge  {PbG)  runs 
off  as  fast  as  formed,  and  leaves  the  silver  pure.  Melted  silver  can 
dissolve  about  twenty-two  times  its  volume  of  oxygen  gas ;  but  the 
gas  is  given  off,  in  great  measure,  when  the  metal  solidifies. 

162.  Argentic  Nitrate.  AgNO^,  —  The  most  important  soluble 
salt  of  silver.    Obtained  by  dissolving  silver  in  dilute  nitric  acid. 

ZArAg^-l^HNO^^'Aq) 

=  (^AgNO^  -h  4  H^O  ^  Aq)  -f  ^^SS®.    [110] 

White  crystalline  solid  which  melts  at  219^  Fused  salt  is  called  lunar 
caustic,  and  is  much  used  in  surgery  as  a  cautery.  Argentic  nitrate, 
although  not  changed  by  the  light  when  pure,  is  readily  decomposed 
when  in  contact  with  organic  matter,  and  the  black  stain  of  metallic 
silver  thus  formed  cannot  be  removed  by  washing.  Hence  its  applica- 
tion as  indelible  ink.  It  is  also  used  in  large  quantities  for  hair-dyes, 
and  in  the  art  of  photography. 
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163.  ArgenHo  Chloride.  il^CZ.— White  crystalline  solid  (Fig.  27). 
Melts  at  about  260^,  and  on  cooling  fonns  a  homy  sectile  mass,  whence 
the  mineialogical  name,  Horn  Silver.  Prepared  by  adding  to  a  solution 
of  argentic  nitrate  any  soluble  chloride. 

{AgNO^  +  NaCl  +  Aq)  =  AgCl  +  (NaNO^  +  Aq).      [Ill] 

We  thus  obtain  a  white  curdy  precipitate,  which  is  insoluble  in  water 
or  dilute  acids,  but  soluble  in  ammonia,  in  potassic  cyanide,  and  in 
sodic  thiosulphite.  Owing  to  a  partial  reduction,  the  white  powder 
blackens  in  the  light,  especially  in  the  presence  of  organic  matter  and 
an  excess  of  argentic  nitrate.  On  this  property  is  based  the  ordinary 
process  of  photographic  printing.  In  contact  with  dilute  acids,  argentic 
chloride  is  very  readUy  reduced  by  metallic  zinc 

2  AgCl -^  Zn  =^  ZnCl^ '\- Ag^.  [112] 

It  may  also  be  reduced  by  hydrogen  or  hydrocarbon  gas  passed  over 
the  chloride  in  a  heated  tube. 

2  Agci  +  mm  =  AgrAg  +  2  ss^i.  [113] 

In  the  process  of  electroplating,  argentic  chloride,  dissolved  in  an 
aqueous  solution  of  potassic  cyanide,  is  decomposed  by  the  electric 
current     (§  98.) 

164.  Argentio  Bromide,  AgBr^  and  Argentio  Iodide,  Agl^  Teeem' 
ble  argentic  chloride,  and  are  formed  in  a  similar  way.  The  last,  how- 
ever, has  a  yellow  color,  and  is  insoluble  in  ammonia.  In  presence  of 
an  excess  of  argentic  nitrate,  and  after  exposure  to  light,  they  are  at 
once  reduced  to  the  metallic  state  by  solution  of  ferrous  sulphate. 
Before  exposure  the  reduction  takes  place  very  slowly,  and  on  this 
reaction  is  based  the  art  of  photography.  The  steps  of  the  process 
are :  1.  Spreading  over  a  glass  plate  a  film  of  collodion,  holding  in 
solution  a  mixture  of  metallic  bromides  and  iodides ;  2.  Immersing 
the  coated  plate  in  a  solution  of  argentic  nitrate  until  p  mixture  ot 
argentic  bromide  and  iodide  is  formed  in  the  film ;  3.  Exposing  the 
plate  to  light  in  the  camera,  where  the  image  formed  by  a  lens  falls 
upon  it ;  4.  Developing  the  latent  image  by  a  solution  of  ferrous  sul- 
phate ;  5.  Dissolving  out  the  undecomposed  silver  salt  by  a  solution 
of  sodic  thiosulphite. 

165.  Argentotui  Oadde,  Agfi,  Argentio  Ojlde,  Ag^O,  Argentio 
Peroxide,  Agfi^.  — The  second  is  a  brown  powder  which  fiills  on 

20 
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adding  the  solniioii  of  an  alkaUne  hydrate  to  a  aolation  of  argentic 
nitrate.  It  is  yerj  slightly  sdnble  in  water^  and  the  solution  has  an 
alkaline  reaction,  and  the  moist  precipitate  absorbs  CO^  from  the  air. 

166.  Charaoterlatic  Testa.  —  Most  silver  compounds  may  be  re- 
duced to  pure  silver  before  the  blowpipe;  and  whenever  they  are 
brought  into  solution  the  silver  can  be  recognized  and  the  amount 
very  accurately  determined  by  the  reaction  just  given  [111].  Silver 
is  remarkable  for  forming  anhydrous  salts ;  and  whenever  we  wish  to 
determine  the  molecular  weight  of  an  acid,  it  is  generally  best  to  ana- 
lyze its  silver  salt    (S  53.) 
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DIVISION  V. 

167.  TBAZiUUlff.  27as204. 1. — Usual  quantivalenoe  one,  but  also 
trivalent.  A  veiy  rare  element,  found  in  some  varieties  of  pyrites  and 
in  Crookesite,  a  selenide  of  copper  and  thallium,  from  a  copper  mine  in 
Sweden.  The  brown  oxide  of  thallium,  Tl^O,  is  soluble  in  water,  and 
absorbs  CO^  from  the  air.  It  forms  a  series  of  salts,  most  of  which 
are  isomorphous  with  the  corresponding  salts  of  potassium,  and  in 
many  other  respects  the  compounds  of  this  element  resemble  those  of 
the  metals  of  the  alkalies.  On  the  other  hand,  thallium  forms  a  black 
sulphide,  Tl^S,  insoluble.  In  this  respect,  and  also  in  the  properties  of 
its  haloid  compounds,  thallium  is  allied  to  lead,  which  it  resembles  also 
as  a  n^etal.  This  element  differs,  however,  from  lead  as  much  as  from 
the  alkaline  metals,  in  forming  a  sesquioxide,  Tl^  0, ,  and  a  class  of  well- 
marked  sesquioxide  salts.  It  forms,  also,  a  sesquisulphide,  Tl^^,  and 
a  terchloride,  TlCl^.  Such  are  the  manifold  relations  of  this  element, 
and  it  is  phenomena  of  this  sort  that  render  any  scheme  of  classifying 
the  chemical  elements  yet  proposed  so  very  unsatisfactory. 

The  vapor  of  thallium  imparts  a  green  color  to  the  flame  of  a  Bunsen 
lamp,  and  shows  a  single  green  band  in  the  spectroscope. 


QUESTIONS  AND  PROBLEMS. 

1.  Given  the  percentage  compoeition  of  Proustite,  silver,  65.46  ;  sulphur, 
19.39 ;  arsenic,  16.16.    Required  the  symboL  Ans.  Ag^^Ai. 

2.  How  much  greater  is  the  per  cent  of  aUver  in  Proustite  than  in  Pyrar- 
gyrite?  Ans.  6.68  per  cent 

3.  Draw  diagrams  illustrating  the  molecular  constitution  of  the  different 
silver  ores. 

4.  Analyze  reaction  [110],  and  point  out  the  difference  between  it  and  the 
class  of  reactions  of  which  [64]  is  the  type. 

6.  If  a  given  mass  of  aigentiferous  lead  contains  three  fourths  of  one  per 
cent  of  silver,  how  many  kilogrammes  of  litharge  will  be  made  in  the  process 
of  capeUation  to  each  kilogramme  of  silver  extracted,  and  how  many  cubic 
metres  of  oxygen  gas  will  be  absorbed  by  the  process  ? 

Ans.  142.6'  kilo,  of  litharge,  and  7.134  S?  of  oxygen. 
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6.  One  gramme  of  nlTer  treated  as  indicated  by  [110]  and  [111]  yielded 
1.328  grammes  of  argentic  chloride.  What  is  the  atomic  weight  of  silver? 
The  atomic  weight  of  chlorine  is  assumed  to  be  known,  35.5,  and  also  the 
specific  heat  of  argentic  chloride,  0.091.  Ans.  108. 

7.  One  gramme  of  argentic  chloride  redaced  by  hydrogen  [113]  yielded 
0.7526  of  a  gramme  of  silver.  What  is  the  atomic  weight  of  silver?  The 
same  values  are  assumed  as  in  the  last  problem.  Ans.  108. 

8.  One  gramme  of  argentic  oxalate  yields  when  heated  0.7105  gramme 
of  silver.  We  have  reason  to  believe  that  oxalic  acid  is  bibasic.  What  is 
its  molecular  weight?    (§  53.)  Ans.  90. 

9.  Write  the  reaction  of  a  solution  of  potassic  hydrate  on  a  solution 
of  argentic  nitrate,  and  compare  this  reaction  with  the  corresponding  reac- 
tion [207} 

10.  According  to  Roecoe  the  Ay.  6rr.  of  thallium  chloride  is  8.2.  What 
evidence  does  this  obeervadon  give  of  the  quantivalence  of  ♦hAiiinm  ? 
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DIVISION  VI 

168.  OZYGBN.  0  =  16.  —  Bivalent.  The  most  abundant  and 
the  most  widely  diffused  of  the  elements.  Eonns  one  fifth  of  the 
atmosphere,  eight  ninths  of  water,  more  than  three  fourths  of  organ- 
ized beings,  and  one  half  of  the  solid  crust  of  the  globe. 

169.  Oxygen  Oaa.  OO.  —  Exists  in  a  free  state  in  the  atmosphere, 
bat  mixed  with  nitrogen  gas.  May  be  extracted  from  the  air  by  either 
of  the  following  double  reactions.  Metallic  mercury  or  baric  oxide  is 
first  heated  in  the  air,  and  then  the  product  of  the  fiist  reaction  raised 
to  a  much  higher  temperature. 

1.  2ffg-\'&®  =  2Ei/0.       I.  2 BaO  +  ®^  =  2 BaO^.     j.      , 

2.  2ffgO=2Bg'j'(SXS>.      2.  2BaO^  =  2£aO +  <SHS>. 

Generally  obtained  from  commercial  or  natural  products  rich  in  oxy- 
gen, by  one  of  the  reactions  given  below.  The  materials  must  in  each 
case  be  heated  to  a  definite  temperature,  and  the  last  two  reactions 
require  a  full  red  heat. 

2  JTCTO,  =  2KCl+  3(5HD.»  [115] 

2  Jr,Cr,0,+ 10  ir,50,= 

4  (ffKSO,)  -h  2  ([CrJ  3  ^OJ  +  8  ff^O  +  3  ®<D.         [116] 

2MnOt  -I-  2H^0,  ==  2MnS0,  H-  2ir,0  +  ®<©        [117] 

3  MnOt  =  Mn^O^  +  (SXS>.  [118] 

2BtS0^  =  2  J7t0  .*-  2S0t  +  ®^.  [119] 

Also  by  electrolysis  of  water  and  by  [66].  Oxygen  gas  is  a  chief  pro- 
duct of  vegetable  life.  Under  the  influence  of  the  sun's  rays  the  plants 
decompose  the  carbonic  acid  of  their  food,  fixing  the  carbon  and  liber- 
ating the  oxygen.  Oxygen  gas  manifests  intense  affinities,  but  these 
are  only  called  into  play  under  regulated  conditions.  (Review  Chap- 
ter XIII.  on  Relations  of  the  Atoms  to  Heat.)     When  an  elementary 

•  This  rcactfon  is  greatly  facilitoted  by  miziiig  the  potaado  chlorate  with  cuprio 
oxide  or  manganic  dioxide,  which,  however,  undeigo  in  the  procees  no  apparent 
change. 
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sabstanoe  mutes  with  oxygen  it  is  said  to  be  cxidued,  and  when  the 
compound  is  decomposed  the  oxide  is  said  to  be  reduced. 

170.  Oxygen  Compoonda. — The  most  important  classes  of  oxides 
are  illustiated  by  the  following  symbols  and  examples :  — 

1.  BtO     or    B,3^0 

2.  i,0,    "     i,(i-0)-0 

n  n 

3.  BO  "     B'O 
n  n  n  _ 

4.  B^O  «     (B-ByO 

5.  BO^     "     (B'OyO 
m  ni     m 

6.  B^Oj^    "     {BO-B^Ot 

IV  IV 

7.  BO^     "     ^0, 

IV  IV IV 

8.  i?,0,    "     {B-B^O^ 
nttiv  n         rv 

9.  B^O^    "     B^0f[B;f^0t 

10.  i,0,    '*     (^O^)IO^ 

11.  1,0,  "     (1-1)104 

12.  BO^    "     So, 

As  a  rule,  the  oxides  of  the  forms  1  and  3  act  as  basic  anhy- 
drides (S48)y  and  are  called  protoxides.  On  the  other  hand,  the  oxides 
of  the  forms  6,  7,  10,  and  12  generally  act  as  acid  anhydrides.  The 
oxides  of  the  form  8  are  called  sesqnioxides.  They  usually  act  as 
basic,  but  sometimes  as  acid  anhydrides,  and  at  other  times  like  the 
peroxides  mentioned  below.  The  oxides  of  the  forms  9  and  11  are 
very  indifferent  bodies,  and  those  of  the  first  class  are  sometimes  called 
saline  oxides.  The  oxides  of  the  forms  2  and  5  are  called  di-  or  per- 
oxides. They  act  as  powerful  oxidizing  agents,  readily  giving  up  one 
half  of  the  oxygen  they  contain.  [74  and  77.]  The  oxides  of  the 
form  4  are  called  suboxides.  They  sometimes  act  as  basic  anhydrides, 
but  in  most  cases  when  acted  on  by  acids  they  change  into  protoxides, 
either  giving  up  one  half  of  the  metal  or  taking  up  as  much  again  oxy- 
gen as  they  contain.  The  relation  of  the  oxides  to  the  acids,  bases,  and 
salts  has  been  already  explained.     (Beview  Chapters  IX.  and  X.) 

Besides  the  above  classes  of  oxides,  all  of  which  comprise  actual 
compounds,  there  are  others^  most  of  which  are  only  known  as  com- 


as  in 

Hfi 

Kfi 

Agfi 

4< 

Hfi, 

Kfi, 

^9fit 

ii 

FtO 

CaO 

PhO 

it 

Cufi 

Hgfi 

Phfi 

C< 

Mi^t 

BaOt 

PbO, 

U 

BtO, 

A«tO, 

BitO, 

it 

8»0, 

SiOt 

CO, 

CI 

Fe^O, 

AkO, 

Sn,0, 

« 

Fe,Ot 

Cr,0, 

Co,0, 

it 

if,0. 

PtO, 

At,0, 

ti 

r.o. 

Sb,0, 

Bi,0, 

it 

so. 

SeO, 

MoO, 
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poond  xadicala.  With  many  of  ihese  ladicala  tba  student  is  already 
familiar,  such  as  SO^^  SO^  «^0i»  ^O^  PO,  in  all  of  which  the  oxygen 
atoms  only  satisfy  a  part  of  the  affinities  of  the  multivalent  atoms^  with 
which  they  are  giouped,  and  the  qoantivalence  of  the  radical  is  easily 
found  by  Wurts's  role.     (§  29.) 

171.  Oaone.  (O'OyO.  —  The  best  opinion  that  can  at  present  be 
formed  in  regard  to  the  constitution  of  this  remarkable  substance  is 
expressed  by  the  rational  symbol  here  given.  Ozone  is  produced  under 
a  great  variety  of  conditions,  as^  —  1.  During  the  passage  of  electric 
sparks  through  air  or  oxygen4  2.  During  the  electrolysis  of  water. 
3.  Dtiring  the  slow  combustion  of  phosphorus  in  moiU  air.  4.  During 
the  slow  combustion  of  alcohol,  ether,  and  volatile  oils.  5.  By  decom- 
posing baric  peroxide  with  sulphuric  acid,  and  by  several  other  similar 
reactions.  Ozone  as  thus  obtained,  however,  is  very  lazgely  diluted 
with  air  or  oxygen  gas,  and  we  have  not  yet  succeeded  in  preparing  it 
in  a  pure  condition.  It  differs  from  ordinary  oxygen  gas,  —  1.  In 
being  more  readily  condensed  to  the  liquid  state.  2.  In  having  a 
blue  color,  which  is  very  marked  in  the  liquid  state,  and  perceptible 
even  in  the  gas  if  the  layer  through  which  the  light  passes  is  one 
metre  thick.  3.  In  having  a  peculiar  odor,  with  which  we  are  fim- 
miliar,  as  a  concomitant  of  electrical  action.  4.  In  acting  as  a  powers 
ful  oxidizing  agent  at  the  ordinary  temperature  of  the  air.  It  corrodes 
cork,  indiarrubber,  and  other  oiganic  materials.  It  bleaches  indigo.  It 
even  oxidizes  silver,  and  displaces  iodine  from  its  metallic  compounds. 
If  a  slip  of  paper  moisten^with  starch  and  potassic  iodide  is  inserted  P'  I  ^^ 
in  ajar  containing  the  smallest  trace  of  ozone,  it  isjmmediately  colored  \j  t  s  'i  ^ 
'BE^  owing  to  the  liberation  of  the  iodine  (S  140).  In  like  manner, 
paper  wet  with  a  solution  of  manganous  sulphate  is  turned  brown  by 
ozone,  owing  to  the  oxidation  of  the  manganese,  and  paper  stained 
with  plumbic  sulphide  is  bleached  by  the  same  agent,  because  the 
black  sulphide  is  changed  to  the  white  sulphate.  5.  In  the  fact  that 
its  8p.  Gr.  is  24  instead  of  16. 

The  formation  of  ozone  in  a  confined  mass  of  ox3rgen  gas  is  attended 
with  a  reduction  of  volume ;  and  since  the  ozone  thus  formed  may  be  * 
i^  absorbed  by  oil  of  turpentine,  we  have  thus  the  means  of  deterrninnTg 
its  specmc  gravity^lktid  the  results,  if  correct,  prove  that  the  molecule 
of  ozone  consists  of  three  oxygen  atoms.  Again,  during  most  cases  of 
oxidation  by  ozone,  the  volume  of  the  ozonized  oxygen  does  not  change, 
and  this  fact  is  consistent  with  the  theory  of  its  constitution  which  our 

fCyeer:^/^  prnruUc^ O^    c^v/^  J/.v.-,  vfTv-  <^:  C 
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molecular  formula  ezpressee,  aa  is  illustrated  by  the  following  reac- 
tion :  — 

A^r^g  +  2  (0-OfO  =  Agfit  +  2O0.  [120] 

It  lias  been  shown,  however,  that  oil  of  turpentine  absorbs  the  mole- 
cule of  ozone  as  a  whole,  and  is,  therefore,  an  exception  to  the  general 
rule. 

The  metal  in  the  above  reaction  is  raised  to  the  condition  of  per^ 
oxide,  and  it  is  probable  that  several  of  the  oxides  and  oxygen  acids 
contain  one  or  more  atoms  of  oxygen  in  the  same  condition  as  in  ozone. 
Such  compounds  have  been  called  ozonides,  and  among  them  are  classed 
the  peroxides  of  sUver,  lead,  and  manganese,  the  sesquioxides  of  nickel 
and  cobalt,  as  also  chromic,  manganic,  and  permanganic  acids  with 
their  various  salts. 

The  peroxides  of  hydrogen,  barium,  strontium,  sodium,  and  potas- 
sium decompose  the  ozonides  just  mentioned  with  the  evolution  of 
oxygen  gas,  thus :  — 

(P6-0)«0+ J5r,ira-J=i%0+^,0+  OO.  [121] 

Compare  also  [75].  Hence,  a  distinction  has  been  made  between 
ozonides  and  antozonides,  and  reactions  like  [121]  have  been  ex- 
plained by  assuming  that  the  second  atom  of  oxygen  in  these  two 
classes  of  peroxides  is  in  an  opposite  polar  state.  It  has  been  sup- 
posed, also,  that  there  were  two  corresponding  conditions  of  ozone ; 
but,  according  to  more  recent  investigations,  the  so-called  antozone 
was  only  hydrogen  peroxide. 

Ozone  appears  to  be  constantly  present  in  the  atmosphere,  and  im- 
portant effects  have  been  attributed  to  its  influence.  It  has  been 
thought  to  be  the  active  agent  in  all  processes  of  slow  combustion  and 
decay,  and  to  play  an  important  part  in  the  economy  of  nature.  But 
although  numerous  and  long-continued  observations  of  the  amount  of 
ozone  in  the  atmosphere  have  been  made,  the  methods  employed  are 
not  now  regarded  as  trustworthy,  or  the  results  of  importance.  At  a 
temperature  of  300^  ozone  is  instantly  changed  into  common  oxygen 
gas,  and  at  a  temperature  no  higher  than  boiling  water  it  slowly  re- 
turns to  the  same  condition. 
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QUESTIONS  AND  PBOBLEMS. 

I.  What  is  the  reason  for  writing  the  symbol  of  oxygen  gas  (M 1  (§§  18 
and  20.) 

8.  What  Ib  the  difference  between  the  condition  of  oxygen  gas  in  the  at- 
mosphere and  that  of  the  same  gas  in  a  pure  condition  contained  in  a  bell- 
glass  standing  over  a  pneumatic  trough  ? 

3.  Were  the  nitrogen  gas  of  the  atmosphere  removed,  would  the  physical 
condition  of  the  oxygen  gas  be  changed  ? 

4.  If  by  either  of  the  methods  [114]  oxygen  gas  is  obtained  diiectlj 
from  the  atmosphere,  how  many  litres  of  air  would  be  required  to  yield 
one  litre  of  oxygen  gas  at  the  same  temperature  and  pressure  ?    (§  64.) 

Ans.  4.77  litres  of  air. 

5.  How  much  potassic  chlorate  must  be  used  to  yield  100  litres  of  oxygen 
gas  at  30*^  and  38  c  m.  pressure  ?  Ans.  165  grs. 

6.  What  weight  of  potassic  dichromate  [116]  must  be  used  to  yield  a 
litre  of  oxygen  gas^  Sp.  Or.  =  96  ?  Ans.  52.77  grs. 

7.  If  32.05  grammes  of  potassic  chlorate  are  decomposed  in  a  closed 
vacuous  vessel  of  1,010  ^TnT*  capacity,  what  will  be  the  tension  of  the  gas 
in  the  vessel  at  273^  )  Ans.  131.6  c.  m. 

8.  What  weight  of  oxygen  gas  is  required  to  fill  a  globe  of  10  litres' 
capacity  at  27^.3  and  38  c.  m.  pressure  ?  Ans.  6.515  grammes. 

9.  From  a  given  weight  of  MnO^  how  much  more  oxygen  gas  can  be 
obtained  by  reaction  [117]  than  by  [118]  7  Ans.  \  more. 

10.  A  volume  of  air  measuring  100  ^Tm*.'  is  mixed  with  50  eToT'  of 
hydrogen  gas  and  exploded.  What  volume  of  gas  is  left,  assuming  that  the 
volumes  are  all  measured  under  standard  conditions,  and  that  all  the  water 
formed  is  condensed  ?    (§  64.)  Ans.  87.12  ^Tm.*. 

II.  In  an  experiment  like  the  last,  with  the  same  initial  volume  of  air 
and  hydrogen,  the  volume  of  the  residual  gas  measured  89.41  ^TiiL'.  What 
is  the  composition  of  the  air  ?  It  is  assumed  that  the  volumes  are  measured 
under  a  constant  pressure  of  76  c.  m.,  and  at  a  temperature  at  which  the 
tension  of  aqueous  vapor  equals  2  cm. 

Ans.  20.96  per  cent  oxygen,  79.04  nitrogen. 

12.  Analyze  reaction  [116],  and  show  from  which  of  the  factors  the 
oxygen  is  derived. 
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13.  Bepxesent  reaction  [118]  by  giaphic  symbols. 

14.  What  volume  of  chlorine  gas  is  leqoiied  to  decompose  one  litre  of 
aqueous  Tiqpor  ?  Ans.  1  litre. 

15.  If  one  gramme  of  water  is  decomposed  by  galvanism  in  a  closed 
glass  g^obe  containing  1.86  litres  of  aii  under  normal  conditions,  what  will 
be  the  tension  of  the  resulting  gas  mixture,  leaving  out  of  the  account  the 
tension  of  the  aqueous  vapor  which  may  be  present.  Ans.  152  c  m. 

16L  Explain  the  change  of  color  which  takes  i^ace  when  paper  moistened 
with  a  solution  of  starch  and  potassio  iodide  is  exposed  to  the  action  of 
ozone.  * 

17.  Explain  the  method  of  finding  the  Sp.  Or.  of  ozone. 

18.  Can  you  devise  a  method  of  finding  the  Sp.  Gr.  of  ozone  based  on 
the  principle  of  §  63  7 

19.  Explain  the  reasons  for  writing  the  symbol  of  ozone  (O-OyO. 
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DIVISION  vn. 

172.  SXTLPHim.  S=:  32.— Usually  bivalent  when  in  combina^ 
tion  with  metals  or  positive  radicals,  but  in  other  associations  frequently 
quadrivalent  and  sextivalent.  Widely  and  abundantly  distributed  in 
nature^  chiefly  in  combination,  forming  various  metalUo  sulphides  and 
sulphates.  The  most  abundant  of  these  are  iron  pyrites,  FeS^,  and 
gypsum,  CaSO^.  2  ff^O.  Found  also  native  in  volcanic  districts.  It  is, 
moreover,  an  essential,  although  a  very  suboidinate,  ingredient  of  the 
animal  tissues.  Sulphur  is  very  closdy  allied  to  oxygen,  and,  corre- 
sponding to  each  metallic  oxide,  there  is  usually  a  sulphide  of  the 
same  molecular  structure ;  and,  substituting  the  symbol  of  sulphur  for 
that  of  oxygeuj  the  table  of  oxides  on  page  310  wiU  serve  equally  well 
as  a  classification  of  the  sulphides. 

The  greater  part  of  the  sulphur  of  commerce  comes  £rom  the 
mines  of  Sicily,  where  it  is  either  melted  or  distilled  from  the  vol- 
canic  earth.  A  smaU  quantity  is  obtained  by  roaating  or  distiUing 
iron  pyrites.  Common  sulphur  is  a  very  brittle,  yellow  solid,  melting 
at  114%  and  boiling  at  440%  when  it  forms  a  dense  red  vapor.  It  is 
insoluble  in  water,  and  nearly  so  in  alcohol,  ether,  and  chloroform,  but 
readily  soluble  in  carbonic  disulphide,  benzol,  and  oil  of  turpentine, 
the  solvent  power  of  the  last  two  liquids  being  greatly  increased  by 
heat  Sulphur  assumes  a  great  variety  of  allotropic  modifications, 
which  are  manifested  by  differences  of  crystalline  form,  specific  gravity, 
solubility,  and  color.  At  the  ordinary  tempemture  it  crystallizes  in 
octahedrons  of  the  orthorhombic  system,  Sp.  Gr,  2.05,  and  above  105^ 
in  oblique  prisms  of  the  monoclinic  systems,  Sp,  Gr.  1.98.  Moreover, 
the  one  crystalline  condition  passes  into  the  other  at  the  temperature 
at  which  it  is  normally  formed.  If  heated  to  230^,  melted  sulphur 
becomes  darkemsolored,  thick,  and  pasty,  and  if  suddenly  cooled  the 
mass  remains  plastic  for  some  time.  At  100^  this  plastic  mati|ial 
suddenly  changes  back  to  brittle  sulphur,  with  evolution  of  heat^  and 
the  same  change  soon  follows,  although  more  slowly,  at  the  ordinary 
temperature.  If  sulphur  is  heated  to  230°  and  suddenly  cooled  sev- 
eral times  in  succession,  it  is  in  part  converted  into  a  peculiar  dark- 
colored  variety,  wholly  insoluble  in  all  solvents,  and  easUy  separated 
by  carbonic  disulphide  from  the  unchanged  portion.     Moreover,  ordi- 
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nary  flowen  of  sulphur  (fonned  hj  condensing  the  vapor  of  sulphur 
in  cold  brick  chambers)  consist  in  part  of  a  yellow  powder,  insoluble 
in  carbonic  disulphide,  which  appears  to  be  still  another  condition  of 
sulphur,  and  seyeral  other  modifications,  including  a  black  and  a  red 
yarietj,  have  been  described  as  distinct  allotropic  states.  Sulphur 
appears,  even  in  the  state  of  vapor,  to  present  differences  of  condition. 
Just  above  its  boiling  point  the  Sp.  Gr.  of  sulphur  vapor  is  96,  which 
corresponds  to  the  molecular  formula  S^g ;  and  not  until  the  tempera- 
ture reaches  1,000°  does  the  Sp.  Gr.  become  32,  corresponding  to  the 
formula  S^S,  like  that  of  oxygen  gas.  Sulphur  has  strong  affinity  for 
the  metals,  many  of  which  bum  in  its  vapor  with  great  brilliancy.  It 
has  also  a  strong  affinity  for  oxygen.  It  is  very  combustible,  taking 
fire  at  a  low  temperature,  and  forming  by  burning  SO^.  It  is  chiefly 
used  for  making  sulphuric  acid  and  vulcanizing  india-rubber ;  but  it 
has  many  subordinate  applications  both  in  the  arts  and  in  medicine. 
The  so-called  milk  of  sulphur,  used  in  pharmacy,  is  obtained  by  dis- 
solving flowers  of  sulphur  in  alkaline  liquids,  and  subsequently  pre- 
cipitating with  acid. 

173.  Hydrio  Sulphide,  Bulphohydrio  Aold,  Sulphuretted  Hy- 
drogen, H^,  —  A  colorless  gas,  which  by  pressure  and  cold  may  be 
condensed  to  a  limpid,  colorless  liquid  {Sp,  Gr.  =  0.9),  boiling  at 
S2^y  and  freezing  at  —86°.  Is  soluble  in  water  and  alcohol,  one 
volume  of  water  at  0°  dissolving  4.37  volumes,  and  one  volume  of 
alcohol  at  the  same  temperature  dissolving  17.9  volumes  of  the  gas. 
Has  a  repulsive  odor,  and  is  a  constant  product  of  decaying  animal 
tissues.     Generally  obtained  by  the  reaction 

FeS  +  m,80^  +  Aq)  =  {FeSO^  -f  Aq)  -h  H^]         [122] 

but  as  the  ferrous  sulphide  commonly  used  contains  more  or  less  metal- 
lic iron,  the  gas  thus  prepared  is  mixed  with  hydrogen.  It  is  obtained 
in  a  purer  condition  from 

Sb^^  -f  {^HCl-^Aq)  =  {2SbCl^  +  Aq)  +  ^H^.      [123] 

Hydric  sulphide  is  very  combustible,  and  burns  with  a  pale  blue 

flame. 

2J555'-t-3O0=2^,0-f.250,.  [124] 

The  solution  of  the  gas  exposed  to  the  air  soon  becomes  turbid,  owing 
to  the  oxidation  of  the  hydrogen  and  consequent  separation  of  sulphur. 

(2 H^  +  Aq)  +  ax©  =  (2 ^0  -f  ii^)  -I-  S-S.         [125] 
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If  the  action  ia  assiated  by  poioua  aolida,  the  ozidatioii  ia  more  com- 
plete. 

(ff^  +  ^y)  +  2  «H5)  =  {ff^'Ot'SOt  +  Aq).  [126] 

The  aabetance  ia  alao  decompoaed  by  chlorine,  bromine,  or  iodine. 

(2  fi;^  +  2  /-/  -^Aq)  =  (4  irr  +  Aq)  +  S«S.  [127] 

On  this  laat  reaction  ia  baaed  a  aimple  proceaa  of  determining  volmnet- 
rically  the  amount  of  ff^S  in  a  given  aolution.  The  compound  may  i)e 
analyzed  by  heating  metallic  tin  in  a  confined  volume  of  the  gaa. 

Slfi  +  Sn  =r  SnS  +  IB-SL  [128] 

Although  the  aulphur  ia  removed  by  the  tin,  the  volume  of  the  gaa 
doea  not  change*  Hydric  aulphide  is  not  un&equently  formed  in  na- 
ture from  calcic  aulphate,  which  in  contact  with  decaying  animal  or 
vegetable  matter  loaea  ita  oxygen,  when  the  carbonic  dioxide  of  the 
atmoephere,  acting  on  the  reaulting  calcic  aulphide,  acta  free  the  com- 
pound in  queetion.  It  is  probably  thua  that  the  aoluble  aulphidea 
in  many  mineral  apringa  originate. 

Hydric  aulphide  is  one  of  the  most  important  chemical  reagenta,  and' 
ia  uaed  to  convert  into  aulphidea  varioua  metallic  hydratea  and  other 
aalta. 

1.  Action  on  alkaline  hydratea. 

(K-  O-ff  +  ITtS -{- Aq)  z:z  (K'S-ff  +H^O  +  Aq).  [1 29] 

(K-S-ff+  K'ChH-^-  Aq)  =  {K^  +  H^O  +  Aq).  [130] 

Thua  may  alao  be  formed  NarHS,  Na^'S,  NH^-HS,  {NH;)^'S.    (§  38.) 

2.  Action  on  aalta  of  the  more  electro-negative  metala. 

{CdSO^-^- H^  +  Aq)  ^  OdS  +  {H^0^'\' Aq).  [131] 

So  alao  may  be  precipitated  from  acid  aolutiona  of  their  aalta 

^^„       S»,5„       5J,5„0)       SnS,      SnS^,      PtS^,      Av^,, 

T«Ilov.  Bed.  Onuigt.  BrowB.  TtDow.  Biowb.  BiMk. 

all  of  which  are  aoluble  in  alkaline  aulphidea,  and 

CdS,      CuS,      B^S^      AgfS,      HgS,      [^J-S,      PhS, 

Tdlow.  Blu^  BlMk.  Blaek.  BlMk.  BkMk.  Btoek. 

aU  of  which  are  insoluble  in  alkaline  aulphidea. 

3.  Action  on  salts  of  the  more  electro-poaitive  metala.  The  follow- 
ing aulphidea,  although  not  precipitated  from  add  aolutiona,  are  pre- 
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cipitatod  ^hen  sufficient  ammonia  is  added  to  neutnd&e  all  the  acids 
present,  or  when  an  alkaline  sulphide  is  used  in  place  of  ffgS :  — 

ZnS,        MnS,        FeS,        NiS,^       CoS. 

White.  riDk.  BiMk.  filaok.  Bluk. 

At  the  same  time  aluminum  and  chromium  are  precipitated  as  hj- 
drates.  The  remaining  common  metals,  viz.  j9a,  &',  Ca,  Mg^  JT,  and 
Na,  forming  sulphides  soluhle  in  water,  are  not  precipitated  bj  H^ 
under  any  conditions.  Thus  H^S  serves  to  divide  the  metallic  radi- 
csds  into  groups,  and  on  these  relations  the  ordinary  methods  of  qual- 
itative analysis  are  based.  It  wiU  be  borne  in  mind  that  in  these 
'^ groups"  are  sometimes  brought  together  very  dissimilar  elements, 
and  the  grouping  rests  simply  on  accidental  similarities  in  the  solu- 
bility or  insolubility,  in  the  same  liquids,  of  the  corresponding  com- 
pounds (sulphides)  of  the  different  elements. 

4.   Action  as  reducing  agent. 

([^^JO/e4-ir^+-4j)==(2/feO!;  +  2iR7/  +  iij)  +  &     [132] 
"^  ([CrJ(7/,+  2rCT+7i50+iie)  +  '%.     [133] 

*•  OXMO. 

10i?»5+10  5O,  =  5>Si-h8J7,O-H2ir,fi;O,.  [134] 

PvntethkmleAdd. 

174.  Hydrio  Penulphide,  H^S^y  analogous  to  J^O,,  can  be  ob- 
tained by  gradually  adding  sodic  bisulphide  to  hydrochloric  acid.  It 
is  a  yellow,  oily  liquid,  and  very  unstable. 

175.  Alkaline  SulphidM  and  Snlphohydrates.  —  Solutions  of 
the  simple  sulphides  and  snlphohydrates  are  best  formed  as  above. 
These  solutions  readily  dissolve  sulphur,  and  various  persulphides  are 
thus  formed.  The  following  six  sulphides  of  potassium  are  known : 
K^S,  K^S^,  ^S^i  ^J^A*  ^^ii  <^^  ^J^^  Other  modes  of  preparing 
similar  compounds  are  illustrated  by  the  following  reactions :  — 

jr=Og'50,-f-4J3^/r=J^5-h4J3;0.  [136] 

IgnitMl  in  ^«  enmnt 

12  5+  (6  K-0-H+  Aq)  =  (2  K.8,  +  K^S^O^  +  3 J5^0  +  Aq).  [136] 

BoUed  In  Mlailon.  PsntMalphid*.    Thkwalphlto. 

16  5+  8K-0-ff=  3  jr,5,  +  K^SOt  +  4  S,0.  [137] 

MUfead  tofttlMr  at  •  high  ftempentim. 

**'       i2^+3jr,'0/00  =  2ir^,+£;5io,+3CO,.        '■    ■' 

H«lted  together  at  a  lower  tempexetareb 
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The  pioductB  of  the  last  two  leaetions  ate  not  eonstant,  bat  Tarioos 
peiaulphidea  Bie  formed,  depending  on  the  temperature  and  the  eon- 
ditions  of  the  process.  The  reeulting  mixture  is  a  yellow  solid  called 
liyer  of  stdphnr.  When  treated  with  adds,  the  yarioos  sulphides  react 
as  follows :  — 

{K'HS  +  HCl  +  Aq)  =  {KCl  +  Aq)  +  YOfi.        [139] 
{K^  ^^HCl-k-  Aq)  =  (2  ZC/  +  Aq)  +  31^.         [140] 

(ZA+2irCT+iiy)  =  (2jrCT+iij)  +  s^+ays.      [ui] 

In  general, 

(Z,4+  2  J7C7  +  Aq)  =  (2  KCl  +  Aq)  +  S._i  +  HyS.        [142] 
Also, 
(2ir^,  +  Zji^O,  +  6  HCl^Aq)  = 

(6ZCT+50,  +  ir,0  +  ii^)  +  9S  +  2IBgB.        [143] 

Solutions  of  the  alkaline  sulphides  or  sulphohjdrates  absorb  oxygen 
fiom  the  air,  and  are  thus  changed  into  persulphides  and  thiosulphites. 

(S  I^E,'S'B+ Aq)  +  5®^  = 

c.M«i»i»ik».    (2(NirXS,+  2(NffjXOs'^^^tO'^Aq).    [144] 

Tauoir  nlalloB. 

By  further  change  all  the  sulphur  is  eyentuaUy  oxidised  or  deposited. 

Sulphur  and  hydric  sulphide  react  on  the  alkaline  earths  in  nearly 
the  same  ways  as  on  the  alkalies. 

CaO'hB^=^CaS+  J7,0.  [145] 

IidIImI  la  |U  ounnt 

OaS0.  +  iJfHz::CaS+iB,O.  [146] 

Igntltd  m  gu  onmnt. 

CaSO^O=  CaS+  4  CfO.  [147] 

2  CaS+  Bf0fBt=C<p8fB,  +  CirOfff,.  [148] 

lllx«4«lthwatar. 

CcpOfHt  +  2  Ja;^+  i4  J  =  {CcpSfHt  +  2  Zr,0  +  Aq).      [149] 

riMJiig  H^8  thioo^  arilk  of  Uma. 

By  boiling  sulphur  with  milk  of  lime,  a  mixture  of  calcic  thioeul- 
phite  with  various  calcic  persulphides  is  obtained,  among  which  may 
be  diBtingmshed  CaS^  and  CaS^  By  melting  together  sulphur  and 
calcic  hydrate  or  carbonate,  there  results  a  mixture  of  calcie  sulphide 
and  calcic  sulphate.  If  pulverized  charcoal  is  also  added,  the  product 
is  chiefly  calcic  sulphide,  as  in  "black-ball"  (§  144). 

The  residue  fix)m  the  lixiviation  of  black-ball,  oomdsting  largely  of 
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calcic  sulphide,  when  exposed  to  air  and  moistnie,  undeigoes  oxidation 
similar  to  [144],  and  on  this  has  been  based  a  process  for  recovering  the 
sulphur  consumed  in  the  alkali  manufactuie.     Compare  §  178. 

176.   Compounds  of  Sulphur  and  Oxygen.  -»The  following  axe 
known :  — 


Hyposulphurous  Oxide 

s,o. 

Hyposulphurous  Acid 

B,-0,-S 

Sulphurous  Oxide 

SO, 

Sulphurous  Acid 

H,-0,-SO 

Thiosulphurous  Acid 

H,-0,'(8-0-S) 

Sulphuric  Oxide 

SO, 

Sulphuric  Acid 

H,-0,'SO, 

Nordhausen  Acid 

S,'0,'{S0,-O-S0^ 

Dithionic  Acid 

B,-o,iso,-so;i 

Trithionic  Acid 

H,'0,iso,-s-so;^ 

Tetrathionic  Acid 

H,-0,-{S0,-&S-S0,) 

Pentathionic  Acid 

B,-0,-(S0,-S-S-S-S0,) 

7.   Bulpharoiis  Oxide. 

so,  —  Colorless  eas,  haTintr  a  fiuniliai 

suffocating  odor.  It  is  easily  condensed  to  a  colorless  liquid,  boiling 
at  —10''  and  freezing  at  —76'' ;  Sp.  ®r.  =  1.49.  Natural  product  of 
volcanic  action,  and  abundantly  evolved  during  the  roasting  of  copper 
pyrites  and  other  sulphurous  ores.  May  be  prepared  by  either  of  the 
following  reactions :  — 

i»'5f-h2(S>®  =  2B®,.  [150] 

Burning. 

2  IfJSO^  +  J7^  =  ffgSO^  +  2  J7,0  +  S®,.  [151] 

2J?^0^  +  (7=2SS®,  +  (S®,  +  23H,®.  [152] 

»S  +  MnO^  =  MnS  +  S®, .  [153] 

May  be  decomposed  by  the  reactions 

2  SO^^  i H-H  =1  i Hfi  +  S^S.  [154] 

SO^  +  3  H'H  =  2  jy.O  +  H^.  [155] 

The  first  reaction  is  obtained  by  passing  a  mixture  of  the  two  gases 
through  a  red-hot  tube ;  the  second,  by  adding  to  the  solution  con- 
taining SO^  a  small  amount  of  hydrochloric  acid  with  a  few  pieces  of 
zinc.  The  H^S  may  be  detected  by  a  strip  of  paper  moistened  with  a 
solution  of  acetate  of  lead,  and  the  reaction  gives  us  the  means  of  dis- 
covering small  quantities  of  SO^ 
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SttlphoiouB  anhydride  is  a  powerful  ledueing  agent.    Thus 
^^a+  5  SO^-^-iHfi^Aq)  =  (I'l^bB^O^^Aq).      [166] 

(Asfi,  +  2  50,  +  2Hfi  +  Aq)  =  (A»fi^  +  2  iT^O,  +  J  j).  [157] 

(^0,4-  /-/+  2^0  +  iij)  =  (Zr,SO,  +  2£r/+  Aq).  [158] 

(2  50,+  2J550  +  .i^)+(EH©=:(2J5^0,4-,ij).        •  [169] 

PbO,  +  S®,  =  PbSO^ .  [160] 

Ife  18  also  a  powerful  diainfecting  and  antiseptic  agent,  and  is  much 
used  for  retarding  fermentation  and  putrefaction.  It  also  bleaches 
soma  of  the  more  fugitive  colors^  but  the  effect  is  frequently  transient^ 
and  the  reaction  not  well  understood. 

178.  BolpUtaa.  —  At  0""  water  absorbs  68.8  times  its  bulk  of  SO^, 
and  three  crystalline  hydrates  have  been  described,  one  of  which  has 
the  composition  SO^ .  H^O^  and  has  been  regarded  as  sulphurous  acid, 
but  this  opinion  may  be  questioned.  The  aqueous  solution  acts  in  all 
its  physical  relations  like  the  simple  solution  of  a  gas.  Neverthelesa^ 
in  its  chemical  relations  it  acts  like  an  acid,  and  yields,  with  many  of 
the  metallic  oxides,  hydrates,  or  carbonates,  a  numerous  class  of  salts 
called  the  sulphites.  The  following  examples  will  illustrate  their 
general  composition :  — 

Hydro-eodic  Sulphite  H.NccO^-SO  .  4  H^O 

Disodic  Sulphite  Na^-^  0^'SO  .1  Hfi 

Calcic  Sulphite  Ca^O^SO 

The  sulphites  are  generally  best  prepared  by  transmitting  a  stream 
of  SO^  through  water  in  which  the  metallic  oxide,  hydrate,  or  carbon- 
ate is  suspended.  The  alkaline  salts  are  the  only  sulphites  which  are 
freely  soluble  in  water.  The  sulphites  of  barium,  strontium,  and  cal- 
cium dissolve  to  some  extent  in  water  charged  with  SO^  and  in  this 
respect  the  sulphites  resemble  the  carbonates.  Argentic  sulphite, 
which  may  be  readily  obtained  by  precipitation,  undergoes  a  remark- 
able reaction  when  boiled  with  water. 

AgfO^SO^{Hfi^  Aq)  z^Ag-Ag^  {Hr02'S0^+  Aq).     [161] 

178^  Thioaulphitea.  —  Thiosulphurous  acid  has  never  been  iso- 
lated ;  but  several  thiosulphites  may  be  obtained  by  passing  a  stream 
of  SOf  through  solutions  of  the  corresponding  sulphides,  or  by  digest- 
ing a  solution  of  the  sulphite  on  powdered  sulphur. 

S  +  (Na^'O^-SO  H-  Aq)  =  {NofO^iS-OS)  +  Aq).       [162J 
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Calcic  thiosolphite  is  fonned  spontaneously  in  large  quantities,  both 
in  the  refuse  lime  taken  fix>m  the  purifiers  of  the  gas-works,  and  in  the 
refuse  after  the  lixiyiation  of  the  black-ball  at  the  alkali  works,  and 
from  this  source  sodic  thiosulphite  is  now  obtained.  It  is  the  only 
thiosulphite  of  practical  value,  and  is  not  only  used  in  photography, 
but  also  for  removing  the  last  traces  of  chlorine  from  the  bleached 
pulp  used  in  paper-making,  and  in  the  treatment  of  silver  ores. 

179.  Hypoaalphorous  Acid. — The  thiosulphites  were  formerly 
named  hyposulphites,  and  are  still  so  called  both  in  commerce  and  in 
the  arts.  But  according  to  the  rules  for  chemical  nomenclature  we 
have  proposed  (§62),  the  term  hyposulphurous  acid  appropriately  be- 
longs to  the  ortho-acid,  H^O^S,  in  which  sulphur  is  bivalent.  This 
acid  is  obtained  by  the  action  of  metallic  zinc  or  iron  on  sulphurous 
acid  in  a  closed  vessel  The  hydrogen  evolved  by  the  action  of  the 
metal  on  the  acid  determines  with  another  portion  of  the  sulphurous 
add  the  following  reaction  : 

H^O^  +  ^,  =  ir,0,5+  H^O,  [163] 

A  deep  yellow-colored  liquid  is  thus  obtained,  possessing  powerful 
reducing  properties.  It  bleaches  organic  colors  more  quickly  than 
sulphurous  acid,  and  precipitates  silver  and  mercury  from  solutions  of 
their  salts. 

HgGl^  -f  H^O^S-^  H^O  =:Bg+  2HCI  +  H^SO^. 

Acid  sodic  hyposulphite  is  prepared  by  the  action  of  zinc  on  acid  sodic 
sulphite. 

^HNaSO^  ^Zn^  H,Na'0^-S^-  Na^SO^ .  ZnSO^  +  H^O.    [164] 

The  products  are  separated  by  crystallization.  Acid  sodic  hyposul- 
phite forms  colorless  crystals,  which,  when  moist,  absorb  oxygen  from 
the  air  rapidly,  and  change  into  sodic  sulphite.  A  solution  of  the  salt 
is  now  much  used  by  the  dyer  and  calico-printer  for  reducing  indigo. 

180.  Sulphurio  Oxide.  SO^  —  Soft,  white,  silky-looking  crystal- 
line solid,  melting  at  25°,  and  volatilizing  at  35°.  May  be  obtained 
either  by  distillation  from  the  Nordhausen  acid,  or  from  sodic  disul- 
phate,  or  else  by  passing  a  mixture  of  SO^  and  0^0  through  a  heated 
tube  filled  with  platinum  sponge. 

Bi'OriSOi^O'SO;)  =  HrOfSOt  +  O®,.  [165] 

NcvO^'iSOfO-SO;}  =  Na^-OfSOt  +  SS®,.  [166] 

2SS®,  +  ®<D  =  20®,.  [167] 
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It  Tiniies  with  many  metallic  oxides  to  form  snlphatee,  and  baryta 
bums  in  its  vapor. 

BaO  +  BCD,  =  BaCSO,.  [168] 

It  has  an  intense  afi&nity  for  water,  and  the  heat  developed  by  the 
imion  IB  so  great  that  the  solid  hisses  like  red-hot  iron  when  dropped 
into  the  liquid.     The  product  is  common  sulphuric  acid. 

181.  Bnlphuryllo  Chlozlde.  SO^Cl^  —  May  be  formed  by  the 
direct  union  of  SO^  and  Cl'Cl  under  the  influence  of  the  sunlight ; 
also  by  the  reaction 

HtSO^  +  2  PCl^  =  SOfil^  +  2  PCTjO  +  2  HGl         [169] 

The  product  is  a  liquid  boiling  at  80^;  Sp,  Gr.  1.68.  Slowly  decom- 
posed by  water. 

SO^Clt  +2£fiO  =  H^SO^  -h  2  HCl  [170] 

There  have  also  been  described  the  allied  compounds  ff(hSOfCl 
and  SOfBr^  The  relations  of  these  compounds  to  sulphuric  acid  will 
be  made  more  evident  by  writing  the  symbols  thus :  — 

182.  Sulphnrio  Acid.  B^'O^-SO^  or  ^-50,.  — The  following 
reactions  are  interesting  as  illustrating  the  constitution  of  this  import 
tant  acidy  although  of  no  practical  value  as  methods  of  making  it : — 

Ho-Ho  -I-  50,  =  HofSO^ .  [171] 

B^O^SO^^H^O,SO^.  [172] 

2  B^'Ot'SO  •\'O0  =  2  B^'Oi-SO^.  [173] 

*flr  +  4  BO-NO^  =  2  B^'O^'SO^  +  4  NO.  [174] 

For  the  uses  of  the  aits  the  acid  is  made  in  enormous  quantities  by 
burning  sulphur,  or,  more  commonly,  iron  pyrites  in  suitable  ovens  or 
kilns,  and  conveying  the  SO^  thus  formed,  together  with  steam  and 
nitric  acid  fumes,  generated  simultaneously,  into  laige  chambers  lined 
with  sheet  lead. 

1.  SOs+2ffirO^  =  H^O,+  2yO^.  [176] 

2.  ZN0^'\-Hfi=z2HN0^JtN0.  [176] 

3.  2-yO-t- 00  =  2^0,.  [177] 
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Gennan  town  whence  it  takes  its  name,  bj  the  distillation  of  ferrous 
sulphate.  It  may  almost  be  regarded  as  a  solution  of  SO^  in  ff^SO^, 
and  the  usual  product  contains  a  very  variable  proportion  of  the  anhy- 
dride ;  in  fact,  a  product  consisting  chiefly  of  SO^  is  now  an  article  of 
commerce. 

184.  Snlphurona  Chloride.  8^0!^. — A  yellow,  volatile,  fuming 
liquid,  formed  by  distilling  sulphur  in  an  atmosphere  of  chlorine  gas. 
It  is  a  powerful  sulphur  solvent,  and  has  been  used  for  vulcanizing 
india-rubber.  It  is  decomposed  by  water,  but  mixes  with  beuzol  and 
carbonic  disulphide.  Sulphuric  chloride,  SCl^,  and  several  oxychlo- 
rides  of  sulphur  are  also  known. 

185.  BELXOnUM,  Se  =  79.4,  and  TBLLXTRIXTM,  Te  =  128.  — 
Two  very  rare  elements,  closely  allied  to  sulphur,  but  presenting  such 
differences  as  might  be  anticipated  in  elements  of  the  same  chemical 
series.  They  form  compounds  with  hydrogen,  B'^Se  and  ff^Te,  analo- 
gous to  B^S,  and  compounds  with  oxygen  and  hydrogen  resembling 
sulphurous  and  sulphuric  acid& 

Selenium,  which  follows  in  the  series  next  to  sulphur,  manifests  its 
relationship  in  many  ways.  The  elementary  substance,  which  in  its 
ordinary  condition  is  a  brittle  solid,  having  a  glassy  fracture  and  a 
dark  brown  color,  Sp,  Gr,  4.3,  may  be  obtained  in  several  allotropic 
states,  and  in  one  of  these,  when  its  Sp,  Gr.  =  4.8,  it  has  the  same 
monoclinic  form  and  molecular  volume  as  the  corresponding  condition 
of  sulphur.  It  readily  melts  at  a  varying  temperature  above  lOO*', 
depending  on  its  condition,  and  at  700^  is  converted  into  a  deep 
yellow  vapor,  which  has  been  observed  to  have,  at  a  high  temperature, 
Sp.  Gr.  =  82.  It  burns  in  the  air  with  a  blue  flame,  forming  chiefly 
SeO^f  and  emits  an  offensive  odor  resembling  putrid  horseradish. 
Hydric  selenide,  also,  is  a  gas  with  a  disgusting  smell,  which,  like 
B^S,  precipitates  many  of  the  metals  from  solutions  of  their  salts  as 
selenides.  Selenic  acid  is  a  thick  oily  liquid  like  sulphuric  acid,  and 
many  of  the  selenates  cannot  be  distinguished  by  merely  external 
characters  from  the  corresponding  sulphates.  Selenium,  moreover,  is 
almost  invariably  found  in  nature  associated  with  sulphur,  and  is 
extracted  from  the  residues  resulting  from  the  treatment  of  sulphur 
ores.  There  are,  however,  a  few  rare  minerals,  which  consist  mainly 
of  metallic  selenides.  Among  the  most  important  of  these  may  be 
named  Clausthalite,  PbSe,  Berzelianite,  (7v&,  Kaumanuite,  Ag^Se,  and 
Onofrite,  BgSe. 


•  «  • 
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When  we  descend  in  the  series  to  Telluriamy  we  find  more  marked 
differences.  The  elementary  substance  has  a  silver-white  color,  a 
bright  metallic  lustre,  and  outwardly  resembles  a  metaL  It  is  closely 
allied  in  many  of  its  physical  properties  to  bismuth.  It  crystallizes  in 
rhombohedrons,  and  the  mineral  Tetradymite  has  been  regarded  as  an 
iaomorphous  mixture  of  native  tellurium  with  native  bismuth.  Its 
jS^.  Gt,  =  6.2,  and  its  atomic  volume  is  very  much  nearer  that  of  bis- 
muth and  antimony  than  that  of  selenium  and  sulphur.  Nevertheless, 
in  other  relations  it  is  closely  allied  to  selenium.  It  is  hard  and 
brittle,  a  poor  conductor  of  heat  and  electricity.  It  fuses  between 
425^  and  475^,  and  at  a  high  temperature  yields  a  yellow  vapor,  which 
has  a  specific  gravity  corresponding  to  the  molecular  formula  Te^Tt, 
When  heated  in  the  air,  it  bums  with  a  greenish  blue  flame,  and  is 
converted  into  tellurous  anhydride,  TtO^.  Lastly,  hydric  telluride 
resembles  closely  hydric  selenide,  and  the  salts  of  tellurous  and  tellu- 
ric acids  are  similar  to  the  corresponding  selenites  and  selenates ;  but 
telluric  acid  does  not,  like  selenic  acid,  form  salts  corresponding  to  the 
alums,  and  its  salts  are  less  stable.  Tellurium  is  the  chief  constituent 
of  a  few  native  compounds,  which  are  highly  prized  as  minerals.  Be- 
sides Tetradymite,  Bi^Te^^  we  have  Hessite,  Ag^Tty  Sylvanite,  AgAuTt^^ 
Altaite,  FbTe^  and  Nagyagite,  which  is  a  sulphotelluride  of  lead  and 
gold  of  somewhat  uncertain  composition.  The  elements  of  this  group 
form  then,  evidently,  a  veiy  well  marked  series,  in  which,  as  in  the 
chlorine  series,  the  chemical  eneigy  diminishes  as  the  atomic  weight 
increases. 
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nor  of  molybdenum  haye  found  any  important  applications  in  the  arts, 
although  Bodic  tungstate  has  been  used,  mixed  with  starch,  in  finishing 
cambrics,  because  it  has  been  found  to  render  these  light  fiEtbrics  less 
inflammable.  The  name  Tungsten  had  a  Swedish  origin,  and  signifies 
in  the  original  ^*  heavy  stone." 


QUESTIONS  AND  PROBLEMS. 

1.  What  is  the  per  cent  of  sulphur  in  Qypsum  and  Iron  Pyrites  ? 

Ana.  18.6  per  cent  and  53.33  per  cent 

2.  Write  the  symbols  of  the  different  classes  of  sulphides. 

3.  Express  by  graphic  symbols  the  constitution  of  the  yarious  sulphur 
radicala. 

4.  What  are  the  atomic  volumes  of  the  two  crystalline  varieties  of  sul- 
phur? Ans.  15.60  and  16.16. 

5.  By  heating  10.000  grammes  of  sQver  in  the  vapor  of  sulphur,  Dumss 
obtained  11.4815  grammes  of  argentic  sulphide.  What  is  the  atomic  weight 
of  sulphur?  What  assumption  is  made  in  your  calculation,  and  what 
ground  have  you  for  this  assumption  1  Ans.  32.000. 

6.  What  is  the  specific  gravity  of  H^  gas  referred  to  hydrogen  and  to 
air  )  Ans.  17  and  1.1764. 

7.  What  weight  of  sulphur  is  contained  in  one  litre  of  B^  ? 

Ans.  1.434  grammes. 

8.  How  much  antimoniouB  sulphide  is  required  for  the  preparation  of  one 
litre  of  hydric  sulphide  ?    How  much  to  prepare  340  grammes  ? 

Ans.  5.076  grammes,  1133.33  grammes. 

« 

9.  What  volume  of  oxygen  gas  is  required  to  bum  one  litre  of  H^  and 
what  are  the  volumes  of  the  aeriform  products  ? 

Ans.  1^  litres  of  oxygen  gas,  one  litre  of  aqueous  vapor,  and  one  of  sul- 
phurous oxide. 

10.  One  litre  of  (H^  -{-  Aq)  saturated  at  0^  will  absorb  what  volume  of 
oxygen  gas,  and  will  yield  what  weight  of  sulphur  ? 

Ans.  2.185  litres,  6.263  grammes. 

11.  Assuming  that  a  solution  of  iodine  in  a  solution  of  potassic  iodide 
has  been  prepared  of  known  strength,  how  may  this  be  used  to  measure  the 
quantity  of  H^  in  a  mineral  water  1 
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12.  The  specific  grsYity  of  hydric  sulphide  has  been  found  by  experiment 
to  be  17.2^  and  by  reaction  [128]  it  is  shown  that  any  volume  of  the  gas 
contains  an  equal  volume  of  hydrogen.  Show  that  these  results  agree  quite 
closely  with  the  molecular  symbol  assigned  to  the  compound.  How  do 
you  explain  the  slight  discrepancy  ? 

13.  Write  the  reactions  by  which  hydric  sulphide  is  formed  from  calcic 
sulphate. 

14.  Write  the  reaction  by  which  NH^-HS  may  be  formed  from  aqua 
ammonia. 

15.  Write  the  reaction  of  ff^S  gas  on  a  solution  of  plumbic  acetate,  and 
calculate  what  volume  of  {H^  -j-  Aq)  saturated  at  0°  would  be  required  to 
precipitate  0.207  gramme  of  lead.  Ans.  6.109  iTm*  of  {H^  +  Aq). 

16.  Write  the  reaction  of  H^  on  a  solution  of  acetate  of  zinc.  What  in- 
ference would  you  draw  from  the  fact  that  Zn  is  precipitated  by  this  reagent 
frx)m  an  acetic  acid  solution,  whUe  Fe  and  Mn  are  not  1 

17.  Into  what  groups  may  the  metallic  radicals  be  divided  by  means  of 
the  two  reagents  hydric  sulphide  and  ammonic  sulphide,  and  how  must  the 
reagents  be  used  in  order  to  separate  these  groups  from  a  given  solution  ? 

18.  In  reducing  28  grammes  of  iron  from  the  condition  of  ferric  to  that  of 
ferrous  chloride,  how  much  sulphur  is  precipitated  ?  Ans.  8  grammes. 

19.  Analyze  the  reactions  [133]  and  [134],  and  show  how  the  H^  gas 
acts  as  a  reducing  agent  in  each  case. 

20.  Write  the  reaction  of  hydrochloric  acid  on  sodic  bisulphide. 

21.  Represent  by  graphic  symbols  the  constitution  of  the  various  potassic 
sulphides. 

22.  Analyze  reactions  [135]  to  [149]. 

23.  Write  the  reaction  when  sulphur  and  milk  of  lime  are  boiled  t(^ther, 
assuming  first  that  CaS^,  and  secondly  that  CaS^  is  prpduced. 

24.  Write  the  reaction  when  sulphur  and  calcic  hydrate  are  melted  to- 
gether, assuming  that  CaS^  and  CaSO^  are  produced. 

25.  Represent  by  graphic  symbols  the  composition  of  the  compounds  of 
sulphur  and  oxygen.  Draw  up  a  scheme  showing  the  relations  of  the 
various  acids  and  anhydrides,  similar  to  that  of  §  131. 

26.  Is  the  quantivalence  of  sulphur  in  the  sulphites  and  hyposulphites 
the  same  as  in  the  sulphates,  &c  ?  Write  the  graphic  symbols  of  all  these 
compounds  on  the  theory  that  sulphur  is  invariably  bivalent. 
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27.  What  volmne  of  salphaxoua  oxide  wonld  be  fonaed  by  buming 
2.8672  grammes  of  sulphur  t  Ans.  2  litres. 

28.  It  has  been  observed  that  when  sulphur  bums  in  oxygen  the  volume 
of  the  product  Ib  the  same  as  the  initial  volume  of  oxygen  gas.  It  has  been 
found  by  experiment  that  the  Sp.  Gr.  of  sulphurous  oxide  equals  32.25. 
How  do  these  facts  correspond  with  the  molecular  symbol  usually  assigned 
to  the  compound  1    What  i&  the  %p.  ttr*  of  80^  f  Ans.  2.234. 

29.  How  much  mercury  is  required  to  make  one  litre  of  SO^  7 

Ans.  8.96  grammes. 

30.  Leaving  out  of  view  the  value  of  the  mercury  used,  as  it  may  be 
easily  recovered,  by  which  of  the  two  reactions  [151]  snd  [162]  may  SO^  be 
most  profitably  prepared  ? 

31.  How  much  MnO^  Would  be  required  to  yield  by  reaction  [153]  suffi- 
cient SO^  to  neutralize  1.29  grammes  of  sodic  carbonate  ? 

Ans.  1.059  grammes. 

32.  Point  out  the  volumetric  relations  in  reaction  [154]. 

33.  Are  the  conditions  under  which  the  reaction  [155]  is  obtained  in  any 
way  peculiar  ? 

34.  Compare  reactions  [157]  and  [158],  and  inquire  whether  a  method  of 
volumetric  analysis  based  upon  them  might  not  be  devised. 

35.  Represent  by  graphic  symbols  the  sulphites  whose  symbols  are  given 
in  [178]. 

36.  The  refuse  lime  of  the  gas  and  alkali  works  contains  calcic  disulphide, 
C€lS^.  In  what  way  would  this  be  changed  by  exposure  to  the  air  into 
calcic  thioeulphite,  and  how  from  this  product  could  sodic  thiosulphite  be 
prepared  ? 

37.  Write  the  reaction  of  hydrochloric  acid  on  sodic  thioeulphite,  know- 
ing that  thiosulphurous  acid,  when  liberated,  yields  sulphurous  oxide  and 
sulphur. 

38.  The  specific  gravity  of  the  vapor  of  sulphuric  oxide  has  been  found 
by  experiment  to  be  39.9.  How  does  this  agree  with  the  theoretical  value  t 
Compare  the  densities  of  ChO,  80^,  and  80^  as  regards  the  relative  degree  of 
condensation  in  eacL 

39.  What  are  the  relations  of  the  compounds  80/Jl^y  SO^CIHO,  80^^  and 
H^O^  to  one  another  t 
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40.  Analyze  the  two  sets  of  leactionB  [175  et  Mg.]  and  [178  ei  teqJ],  and 
show  whence  the  oxygen  required  to  oxidize  the  sulphuroas  oxide  is  derived, 
and  what  part  the  oxides  of  nitrogen  play  in  the  process. 

41.  In  the  process  of  making  oxygen  gas  from  solphnric  acid,  whence  is 
the  oxygen  in  the  first  instance  derived  ?  Might  not  the  same  quantity  of 
acid  he  made  to  yield  an  indefinite  supply  of  gas  ? 

42.  It  appears  hy  experiment  that  the  Sp.  Or.  of  E^O^  vapor  is  2442. 
How  does  this  agree  with  theory,  and  how  do  yon  explain  the  discrepancy  1 

43.  It  has  been  found  hy  exact  experiments  that  100  parts  of  lead  yield 
146.45  parts  of  plumbic  sulphate.  What  is  the  molecular  weight  of  sul- 
phuric acid  t  What  assumption  does  your  calculation  involve  (§  53)  ? 
Why  do  you  regard  this  result  as  more  trustworthy  than  that  of  the  last 
problem?  Ans.  98.16. 

44.  How  do  the  aymbols^of  the  faydratea  of  sulphuric  acid  compare  with 
those  of  the  crystalline  salts  of  this  acid  ? 

45.  Write  the  symbols  of  sulphuric  acid  and  its  two  hydrates,  representing 
them  as  compounds  of  SO^  with  hydroxyl.  Point  out  the  distinction  be- 
tween the  ortho  and  meta  acids,  and  show  that  a  similar  distinction  may  be 
made  among  the  salts. 

46.  How  many  litres  of  sulphuric  acid,  Sp.  Gr.  1.615,  can  be  made 
from  1,000  kilo,  of  pyrites,  assuming  that  all  the  sulphur  in  the  mineral  is 
burnt?  Ans.  1444.4  litres. 

47.  How  much  sulphuric  add  by  weight,  Sp.  Gr.  1.501,  will  be  required, 
—  1st  To  neutralize  53  grammes  of  sodic  carbonate  ?  2d.  To  dissolve  32.6 
grammes  of  zinc?  3d.  To  precipitate  completely  2.08  grammes  of  baric 
chloride  ?  Ans.  81.666  grammes,  81.666  grammes,  1.633  grammes. 

48.  Represent  the  constitution  of  the  various  sulphates  by  graphic  symbols. 

49.  In  what  does  the  symbol  of  dizincic  sulphate  differ  from  that  of  a 
sulphite  ? 

50.  If  the  specific  gravity  and  molecular  weight  of  a  solid  substance  be 
given,  how  can  you  find  the  molecular  volume  of  the  substance  in  the  solid 
condition  ? 

51.  How  does  the  molecular  volume  of  sulphur  compare  with  that  of 
selenium,  —  1st  In  the  solid  condition  ?    2d.  In  the  crystalline  condition  ? 

52.  What  is  true  of  the  molecular  volumes  of  all  substances  in  the  state 
of  gas? 
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53.  Compare  the  molecular  volomee  of  teUorinm  and  bismntk 

54.  What  aie  the  analogies,  and  what  are  the  chief  points  of  diffeienoe, 
between  solphur,  selenium,  and  tellarium  ? 

55.  Write  the  reaction  of  hjdric  selenide  on  a  solution  of  plumbic  acetate ; 
also  that  of  potaasic  selenate  on  a  solution  of  baric  chloride. 

56.  Write  the  reaction  when  Molybdenite  is  roasted  in  the  air. 

57.  Write  the  reaction  of  H^  on  a  solution  of  molybdic  acid  in  hydro- 
chloric acid. 

58.  What  is  the  relative  proportion  of  tongatic  anhydride  in  the  two 
varieties  of  Wolfram  ?  Ans.  76.47  to  76.38  %. 

59.  Write  the  reaction  of  hydrochloric  acid  on  Scheelite. 

60.  In  what  respects  does  tungsten  resemble  molybdenum  1 
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DIVISION  IX. 

188.  CAIiCIXTM.  Cb  =  40.  —  Bivalent  One  of  the  most  abun- 
dant and  important  constituents  of  the  crost  of  the  glof>e.  The  ele- 
mentary substance  is  a  soft,  malleable  metal,  with  a  reddish  tinge  of 
color.  Readily  tamishes  in  the  air,  and  bums  when  heated,  forming 
lime.     Decomposes  water  at  all  temperatures,  forming  calcic  hydrate. 

2  Ca  +  ©^  =  2  CaO. 

cb  +  2ii;o  =  2ai-iro,+ai-a[L  '■^®^^ 

The  metal  is  obtained  with  difficulty,  either  by  the  electrolysis  of  the 
melted  chloride,  or  by  decomposing  the  iodide  with  sodium. 

189.  Calcic  Carbonate.  Coe'O^O,  —  The  chief  lime  mineral 
Remarkable  for  the  great  variety  of  its  crystalline  forms.  Dimor- 
phous (hexagonal  and  orthorhombic).  The  hexagonal  forms  (Figs. 
34,  36,  37,  60,  61,  and  62)  belong  to  the  mineral  species  Calcite. 
The  orthorhombic  forms  (§  108)  to  the  species  Aragonite.  ^S^.  Or. 
of  Calcite,  2.72;  of  Aragonite,  2.94.  The  last  is  also  distinguished 
from  the  first  by  superior  hardness,  and  by  falling  to  powder  when 
heated.  The  crystalline  varieties  of  calcite  are  readily  recognized  by 
a  very  striking  rhombohedral  cleavage.  Limestones,  Oolite,  Chalk, 
Marble,  Travertine,  Tufis^  Calcareous  Marl,  are  names  of  varieties  of 
rocks,  which  consist  chiefly  or  wholly  of  one  or  the  other  of  these  two 
minerals,  generally  of  calcite.  Many  of  these  rocks  make  excellent 
building  stones.  All  the  varieties  of  calcic  carbonate  dissolve  with 
effervescence  in  dilute  nitric  and  other  acids,  and  may  thus  be  distin- 
guished from  the  silicious  minerals  which  they  sometimes  outwardly 
resemble.  Calcic  carbonate,  although  nearly  insoluble  in  pure  water, 
is  readily  dissolved  by  water  charged  with  00^,  Thus  it  is  held  in 
solution  by  the  water  of  lime  districts,  and  to  a  greater  or  less  extent 
by  most  spring  water.  Such  water,  when  strongly  charged,  deposits 
calcic  carbonate  on  exposure  to  the  air,  and  thus  are  formed  stalactites, 
tufa,  and  travertine.  It  also  forms  deposits  in  boilers,  and  decomposes 
the  soap  used  in  washing.  (Hard  water.)  Calcic  carbonate  may  be 
readily  formed  artificially  by  the  reaction 

(CbCT,  +  {NffJj^CO^ -I-  Aq)  =  Ca-CO, H-  {2(irff;)Cl -f-  Aq).  [184] 
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Singularly,  howerer,  if  the  products  of  the  reaction  are  boiled  together, 
the  reverse  change  takes  place ;  amnionic  carbonate,  being  a  volatile 
substance,  is  formed,  and  escapes  with  the  steam,  while  calcic  chloride 
remains  in  the  solution, 

190.  Calcic  Oxide  (Quick-lime).  (7a  0. —  Obtained  by  burning 
limestone  in  kilns. 

Ca-CO,  =  CaO  +  O®,.  [185] 

Amorphous  white  solid.  Very  infusible,  and  emitting  an  intense 
white  light  when  ignited  (Drummond  Light).  Has  strong  affinity  for 
water,  and  the  chemical  union  is  attended  with  the  evolution  of  much 
heat  (slaking).  Exposed  to  the  air,  it  gradually  absorbs  both  water 
and  carbonic  anhydride  (air  slaking). 

191.  Calcic  Hydrate.  OcpHo^.  —  A  light  dry  powder.  Soluble  in 
about  425  parts  of  cold  water  (lime-water).  With  a  smaller  quantity 
of  water  it  forms  a  sort  of  emulsion  called  milk  of  lime,  and  with  still 
less  water  it  gives  a  somewhat  plastic  paste,  which,  mixed  with  sand, 
is  ordinary  mortar.  Hydraulic  cements,  which  harden  under  water, 
are  made  from  limestones  containing  horn  fifteen  to  thirty -five  per  cent 
of  finely  divided  silica  or  clay ;  also  by  intimately  mixing  with  chalk 
a  due  proportion  of  clay  under  regulated  conditions,  and  subsequently 
burning.  Calcic  hydrate  acts  on  the  skin  like  a  caustic  alkali,  and  is 
used  by  the  tanners  for  removing  hair  from  hides.  It  has  a  strong 
affinity  for  CO^,  and  hence  is  used  for  rendering  soda  and  potash 
caustic  [100].  It  is  also  employed  for  purifying  coal-gas,  and  in  many 
other  processes  of  the  arts.  It  is  largely  used  as  a  mainure.  White- 
wash is  milk  of  lime  mixed  with  a  little  glue. 

192.  Chloride  of  Lime  or  Bleaching  Powder,  CaOCl^^  is  formed 
by  passing  chlorine  gas  into  leaden  chambers  containing  slaked  lime, 
which  absorbs  the  gas  very  rapidly. 

CbO  +  Cl-Cl  =  {CarOyCl^.  [186] 

Very  much  used  in  the  arts  for  bleaching  cotton  goods.  The  doth 
having  been  well  washed  and  digested  in  a  weak  solution  of  chloride 
of  lime,  is  passed  into  very  dilute  sulphuric  acid,  which  liberates  the 
chlorine  in  the  fibre  of  the  doth.  May  be  used  in  the  laboratory  as  a 
source  of  chlorine  gas. 

(CaO«a+  HJSO^^Aq)  =  {(hSO^  +  H^O-^-Aq)  +  Ol-OL  [187] 
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May  also  be  used  as  a  source  of  oxygen. 

2(7aOC7ii  =  201(7/, +  0,. 


Conesponding  to  (Ca'0)*Cl%  ^o  l^^ve  {CarO)'Of  calcic  peroxide,  fonned 
by  adding  H^O^to  lime-water,  but  it  is  a  very  unstable  compound. 

193.  Calcic  Sulphate.  OarO^'SO^.  —  Second  in  importance  of 
the  lime  minerals.  It  occurs  in  nature  both  in  an  anhydrous  and 
a  hydrous  form.  The  anhydrous  mineral  is  called  Anhydrite,  the 
hydrous  mineral  is  Gypsum.  Anhydrite  crystallizes  in  the  orthorhom- 
bic  system  (§  108),  and  has  Sp.  6r.  2.9.  Gypsum  {CaS0^.2B^O) 
crystallizes  in  the  monoclinic  system  (Fig.  45),  has  Sp.  Gr,  2.3,  and 
is  softer  than  the  anhydrite.  Calcic  sulphate  is  soluble  in  about  400 
parts  of  water,  and,  like  several  of  the  lime  salts,  is  much  less  soluble 
in  hot  water  than  in  cold ;  and  when  water  holding  gypsum  in  solution 
is  heated  to  a  high  temperature  in  steam-boilers,  the  whole  is  depos- 
ited in  an  insoluble  condition  {CaSO^  .  }  H^O).  It  is  a  very  common 
impurity  of  spring  waters,  and  is  another  cause  of  their  hardness, 
and  of  the  crust  which  they  sometimes  form  on  the  inner  surface  of 
boilers.  It  is  found  in  considerable  quantity  in  the  water  of  salt 
springs,  and  of  the  ocean.  When  these  waters  are  evaporated,  it  is 
deposited  before  the  common  salt.  Hence  in  nature  we  find  that  beds 
of  rock-salt  are  usually  associated  with  anhydrite  and  gypsum.  The 
last  is  by  far  the  most  abundant  mineral,  forming  in  some  places 
extensive  rock  deposits  of  great  thickness.  It  is,  moreover,  found  in 
beautifully  transparent  crystals  (Selenite),  which  can  be  easily  split 
into  very  thin  plates,  and  it  also  forms  the  ornamental  stone  called 
alabaster.  When  heated,  gypsum  readily  gives  up  its  water  of  crys- 
tallization, and  when  not  overbumt  the  dry  product,  if  reduced  to 
powder  and  made  into  a  paste,  again  unites  with  water  and  sets  into  a 
hard  mass.  This  reunion,  however,  will  not  take  place  if  the  gypsum 
has  been  heated  above  300^ ;  and  anhydrite  is  then  formed.  The 
calcined  gypsum,  called  Plaster  of  Paris,  is  used  in  immense  quanti- 
ties for  making  casts,  and  in  various  forms  of  stucco-work.  Ground 
gypsum  is  also  used  for  dressinjg  land,  and  finds  other  applications  in 
the  arts. 

194.  Calcic  Pbospliate.  (?a,O0(PO),.  —  The  chief  earthy  con- 
stituent of  the  bones  of  animals.  The  animal  obtains  it  from  plants, 
and  the  plant  draws  its  supply  from  the  soiL  The  grains  of  the 
cereals  are  especially  rich  in  this  bone-making  material,  and  as  the 

22 
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supply  in  the  soil  is  usually  limited,  these  plants,  when  cultivate^ 
year  after  year,  soon  exhaust  it  Hence  it  is  all  important  for  the 
agriculturist  to  restore  to  his  land  the  phosphates  as  fast  as  they  are 
removed  by  the  crops,  and  ground  bones,  goano,  phosphorite,  and 
other  forms  of  calcic  phosphate,  are  used  for  this  purpose.  The  min- 
eral Apatite  is  a  crystalline  variety  (Fig.  34)  of  this  same  material,  but 
contains  also  about  eight  per  cent  of  calcic  fluoride  mixed  with  more  or 
less  calcic  chloride.     Its  symbol  may  be  written  (Ca^F)ixOjx(PO)^. 

195.  Caloio  SlUoato  (Tabular  Spar),  CaOfSiO,  is  a  not  un- 
common mineral  Formed  on  the  sur&ce  of  the  grains  of  sand  when 
mortar  hardens,  and  the  valuable  qualities  of  hydraulic  cements  are 
probably  due  to  a  still  more  complete  union  of  the  same  kind.  An 
artificial  stone  of  great  strength  may  be  made  by  first  mixing  together 
solutions  of  calcic  chloride  and  sodic  silicate,  and  then  incorporating 
with  the  half-fluid  mass  a  large  proportion  of  sand. 

196.  Caloio  Fluozlde  (Fluor-Spar).  CaF^. — An  abundant  min- 
eral, and  the  most  important  compound  of  fluorine.  It  is  found  both 
massive  and  crystallized  in  the  forms  of  the  isometric  system,  generally 
in  cubes.  Has  octahedral  cleavage.  The  pure  material  is  colorless, 
but  the  native  crystals  are  frequently  beautifully  colored,  and  are 
among  the  most  splendid  specimens  of  our  mineral  cabinets.  Exposed 
to  the  light,  they  frequently  exhibit  a  remarkable  fluorescence,  and 
many  varieties  of  the  mineral  phosphoresce  when  heated.  Although 
not  very  fusible  by  itself,  flaor-spar  forms  a  very  fusible  slag  with 
gypsum  and  other  earthy  minerals  frequently  associated  with  lead  ores. 
This  property  renders  it  a  valuable  ^to;  in  the  process  of  smelting  such 
ores,  and  hence  the  name  Fluor.  In  small  quantities  it  is  almost  in- 
variably associated  with  calcic  phosphate,  not  only  in  the  mineral 
kingdom,  but  also  in  the  bones  and  teeth  of  animals. 

197.  Caloio  Chloride.  CaCl^.  —  A  deliquescent  salt,  readily  ob- 
tained by  dlBsolving  calcic  carbonate  in  hydrochloric  acid.  Also  a 
secondary  product  in  the  preparation  of  ammonia. 

(JaCO^  -h  (2  HCl  -I-  Aq)  =  {CaCl^  JtH^O^Aq)  H-  CO,.     [188] 

A  useful  reagent,  and  also  employed,  on  account  of  its  hygroscopic 
qualities,  for  drying  gases. 

198.  Calcic  Nitrate.  {CaO^{NO^^, — Also  a  very  soluble  deli- 
quescent salt,  which  is  formed  in  the  soil,  in  cellars,  in  lime  caverns, 
and  wherever  organic  matter  decays  in  contact  with  calcareous  mate- 
rials.    Chiefly  important  as  a  source  of  saltpetre. 
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199.  STHOnnUlC,  ;SV*=87.6,  ana  BARIUM,  ^a=  137.1.— Bi- 
Talent.  The  compounds  of  these  elements  are  closely  allied  to  the 
corresponding  compounds  of  calcium,  and  the  differences  are  only 
those  which  we  should  expect  between  members  of  the  same  chemical 
series.  They  are,  however,  &r  less  abundantly  distributed  in  nature. 
The  most  important  native  compounds  are 

Strontic  Carbonate,       Strontianite,        SrCO^^       Sp.  Gr,  $.70. 
Baric  Carbonate,  Withetite,  BaCO^,       Sp.  Gr.  4.32. 

These  are  isomoiphous  with  Arsgonite.  No  hexagonal  forms  corre- 
sponding to  Calcite  are  known.     In  like  manner  we  have 

Btrontic  Sulphate^         Celestine^  SrSO^,       1^.  Gr.  3.95. 

Baric  Sulphate,  Heavy  Spar,       BaSO^,       Sp.  Gr.  4.48. 

These  are  isomorphous  with  anhydrite.  No  hydroua  minerals  corre- 
sponding to  gypsum  are  known.  Strontic  sulphate  is  much  less  soluble 
in*  water  than  calcic  sulphate,  and  baric  sulphate  is  practically  insoluble. 
Moreover,  the  solubility  of  these  salts  is  not  increased  by  the  presence 
of  weak  acids.  Hence  a  solution  of  calcic  sulphate  will  give  -a  pre- 
cipitate in  solutions  containing  either  strontium  or  barium,  and  a 
solution  of  strontic  sulphate  only  in  the  last  The  sulphates  are  both 
easily  prepared  artificially  from  solutions  of  corresponding  chlorides  by 
precipitation  with  sulphuric  acid 

200.  The  Strontio  and  Baric  Ifitratea  and  the  Strontic  and 
Baric  Chlorides  are  all  soluble  salts,  but  less  soluble  than  the  corre- 
sponding salts  of  calcium,  the  barium  compounds  being  in  each  case 
the  less  soluble  of  the  two.  They  are  easily  prepared  by  dissolving 
the  native  carbonates  in  dilute  nitric  or  hydrochloric  acids.  Baric 
nitrate  is  precipitated  from  its  aqueous  solution  by  strong  nitric  or 
hydrochloric  acid,  in  consequence  of  its  sparing  solubility  in  these 
reagents.  They  may  also  be  prepared  from  the  native  sulphates,  as  is 
illustrated  by  the  following  reactions :  — 

SrSO,  H-  4(7=  SrS^  4 O®. 
(SrS  +  2  Wl -{- Aq)  =  (SrCl.'^Aq)  -h  IH^. 

An  intimate  mixture  of  the  powdered  sulphate  with  some  carbonar 
ceous  material  is  first  intensely  heated  in  a  crucible.    The  resulting 
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prodact  Ib  then  exhausted  with  water,  and  the  solution  treated  with 
hydrochloric  or  nitric  acid  as  required. 

201.  Btrontio  and  Baric  Hydrates  may  also  he  prepared  from  the 
solution  of  the  sulphides,  ohtained  as  ahove,  hy  the  reaction 

CuO  +  {BaS+  Hfi  +  M)  =  C«'S^+  {Ba^Bo^  +  ^?).       [190] 

The  relative  soluhility  of  the  hydrates  follows  the  inverse  order  of 
that  of  the  other  salts,  haric  hydrate  heing  much  the  most  soluhle 
and  dissolving  in  twenty  parts  of  water. 

202.  Btrontio  and  Barlo  Oxides  may  he  readily  ohtained  hy 
igniting  the  nitiates.  They  slake  when  mixed  with  water,  like  quick- 
lime. 

203.  Btrontio  and  Barlo  Perozidea  are  prepared  hy  heating  the 
oxides  in  an  atmosphere  of  oxygen  gas.  They  are  more  stable  than 
calcic  peroxide,  and  baric  peroxide  is  an  important  reagent. 

204.  Charaoterlatio  Reaotiona.  —  Calcium,  strontium,  and  barium 
are  all  precipitated  from  their  solutions  by  alkaline  carbonates  and  by 
oxalic  acid.  They  may  be  distinguished  from  each  other  by  the  rela- 
tive solubility  of  their  sulphates,*  and  by  the  colors  of  their  flames, 
which  show  characteristic  bands  with  the  spectroscope.  The  com- 
pounds of  strontium  impart  to  a  colorless  flame  a  brilliant  crimson 
color,  and  those  of  barium  a  yellowish  green.  Hence  they  are  much 
used  by  makers  of  fireworks.  The  soluble  salts  of  barium  are  impoiv 
tant  reagents  in  the  laboratory,  and  both  the  native  and  the  artificial 
sulphates  furnish  an  important  white  paint. 

205.  LBAD.  P6= 206.9.  —  Bivalent.  One  of  the  more  abundant 
metallic  elements,  found  chiefly  in  mineral  veins.  The  principal  ore 
is  Galena,  PhS,  There  is  also  a  native  plumbic  carbonate  called 
Cerusite  (PbCO^,  Sp.  Gr.  6.48),  isomorphous  with  Aragonite,  and  a 
native  plumbic  sulphate  called  Anglesite  {PbSO^f  Sp,  Gr,  6.30),  iso- 
morphous with  Anhydrite. 

206.  MetaUio  Lead.  Pbf—I^.  Gr.  11.36.  Melting-point,  325^ 
So  soft  that  it  can  be  moulded  by  pressure.     Obtained,  — 

Ist.  By  alternately  roasting  and  melting  the  galena  in  a  reverbera- 
tory  furnace. 

*  Calcic  sulphate  gives  an  instantaneous  precipitate  in  solutions  of  barium 
salts,  while  in  those  of  strontium  the  precipitate  only  forms  after  a  perceptible 
interval  of  time. 
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Boasting  stage, 

3P65+ 3  OO  =  P65+ 2P60  + 288®,, 
^'  2FbS+2O0^FbS+FbS0^i  [191] 

Meltixig  stage, 

P65+ 2P60  =s  3P6  +  SS®„ 

^'  P65+P6iSO,  =  2P6+2SS®,.  [192] 

2cL  By  smelting  the  galena  with  scrap-iron  in  a  blast-fumaoe, 

FbS  +  Pe  =  FeS  +  Fb.  [1 93] 

Practically,  howeyer,  both  processes  are  fiur  more  complex  than  the 
reactions  would  indicate.  The  ore  is  in  all  cases  mixed  with  gangue, 
which  can  only  be  melted  with  the  aid  of  some  flax,  and  the  slags 
thus  formed  contain  a  large  amount  of  metal,  and  must  be  smelted 
again. 

Lead  dissolves  readily  in  dUuU  nitric  acid,  but  is  not  acted  on,  or 
only  veiy  slightly,  by  either  hydrochloric  or  sulphuric  acids,  unless 
concentrated  and  boiling.  Employed  in  numberless  ways  in  the  arts, 
both  pure  and  alloyed  with  other  metals.  Type-metal,  britannia- 
metal,  and  solder  are  among  the  most  important  of  its  alloys. 

207.  Plumbic  Oxide.  PbO,  —  Obtained  by  heating  lead  in  a 
current  of  air,  when,  if  the  heat  is  not  too  great,  a  yellow  powder  is 
obtained  called  massicot  At  a  heat  a  littie  below  redness  the  oxide 
melts,  and  crystallizes  on  cooling  in  yellowish  red  scales  called  lithaige. 
Largely  used  in  the  arts  for  m^tking  flint-glass,  for  glazing  earthen- 
ware, and  for  preparing  various  paints  and  lead  salts. 

208.  Plumbic  Peroadde.  FbO^.  —  A  dark  brown  powder,  very 
useful  in  the  laboratory  as  an  oxidizing  agent.  The  bright  red  pow- 
der called  minium,  obtained  by  still  further  roasting  massicot  at  a  low 
heat,  is  a  mixture  of  FbO^  and  FbO,     There  is  also  a  suboxide,  Fb^O, 

209.  Plumbic  Hydrate.  —  The  normal  hydrate,  FfrHo^^  has  never 
been  obtained,  but  we  can  readily  form 

Diplumbic  Hydrate,  {FtrO-FbyHo^, 

Triplumbic  Hydrate,  (Fb-O-Fb-O'Fbyffo^, 

by  the  following  reactions :  — 

2  FbiNO^\  -h  (4  K'Ho  -h  Aq)  = 

(Fb- O-FbyHo^  -H  (4  K-NO^  +  JSJO  +  Aq).     [194] 
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{Pb,o,yjro,-^{2{irff;^c,E,o;)  +  Aq).  [195] 

A  plumbic  hydrate  is  formed  bj  the  simultaneous  action  of  air  and 
water  on  lead,  which  is  slightly  soluble;  and  as  all  lead  aito  are 
poisonous,  and  even  in  miQuta  quantities  (if  the  dose  is  often  repeated) 
may  be  injurious  to  health,  it  is  unsafe  to  use,  for  drinking,  water 
which  has  been  kept  in  lead-lined  cisterns,  or,  in  case  of  some  waters, 
which  has  been  drawn  through  lead  pipes.  The  presence  of  nitrites, 
nitrates,  or  chlorides  greatly  increases  the  corrosive  action  of  water  on 
lead,  while  carbonates  and  sulphates  exert  a  preservative  influence. 

210.  Plombio  Nitrate.  (P6^i\rO^,.  —  Obtained  by  dissolving 
litharge  or  lead  in  dilute  nitric  acid.  Soluble  in  water,  but  insoluble 
in  strong  nitric  acid. 

PbO+{2S'NO^+Ag)^(PbiNO;)^+BtOi-Aq).      [196] 

3P6+(8^-yO,  +  ^j)  = 

(3P^-(i^O,),+  4J7,0  +  ilj)  +  2IBr®.    [197] 

211.  Plumbic  Acetate  (Sugar  of  Lead).    PbiCtH^O^)^ .  S  B^O. 

—  The  most  important  soluble  salt  of  lead,  easily  obtained  by  dis- 
solving P60  in  acetic  acid.  Lead  has  a  great  tendency  to  form  basic 
salts  (§  39).  Hence  a  solution  of  the  neutial  acetate  will  dissolve  a 
large  additional  quantity  of  litharge. 

2  PbO  -h  {PHO,S,  0,\  +  Aq)  = 

{{PltChPltO-Ph)iCJ3[^0;i^  4-  Aq).    [198] 

If  (70s  ^9  T^^^  passed  through  this  solution,  the  excess  oi  PhO\&  pre- 
cipitated as  carbonate.  Fresh  portions  of  PbO  may  then  be  dissolved 
and  the  process  repeated.  The  plumbic  carbonate,  which  is  obtained 
by  this  and  other  analogous  methods,  is  very  much  used  as  a  white 
paint  under  the  name  of  white  lead.  The  products  of  the  different 
processes  have  not,  however,  the  same  composition,  but  are  mixtures 
of  the  carbonate  and  hydrate  in  varying  proportions. 

212.  Plumbic  Sulphate,  PbSO^,  is  obtained  as  a  white  precipi- 
tate on  adding  sulphuric  acid  or  a  soluble  sulphate  to  a  solution  of  a 
salt  of  lead.  It  is  practically  insoluble  in  pure  water  and  dilute  sul- 
phuric acid.  It  dissolves,  however,  to  a  limited  extent  in  strong 
sulphuric  acid,  and  is  therefore  present  in  the  oil  of  vitriol  of  com- 
merce, which  is  concentrated  in  lead  pans.  Hence  the  white  pre- 
cipitate when  the  acid  is  diluted  with  water. 
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.  213.  Vhimblo- Phosphate  is  found  in  natoie  in  the  mineial  Pyio- 
moiphite,  which  is  isomorphous  with  Apatite,  and  has  an  analogous 
constitution  {Pb^Gt^Ojx(^PO)^.  The  mineral  Mimetine  is  the  corre- 
sponding isomorphous  arseniate.  A  melted  glohule  of  plumbic  phos- 
phate assumes  on  GOoHng  a  peculiar  radiated  crystalline  structure, 
which  is  very  characteristic. 

214.  Plumbic  COilorldey  Pb(X^,  may  be  obtained  as  a  white  crys- 
talline powder  by  the  reactions 

PbO  +  (2  HOI  +  Aq)  =  PbOl^-^-iB^O  +  Aq).  [199] 

{Pb{No;)^  -h  2  jsra/ + Aq)  =  Pbci^ + (2  jzyo, + Aq).    [200] 

It  is  only  very  slightly  soluble  in  cold  water,  but  in  boiling  water 
dissolves  quite  readily. 

215.  Phimbates.  —  Caustic  alkalies  dissolve  /%0  veiy  freely, 
forming  salts  in  which  the  lead  plays  the  part  of  a  negative  radicaL 
Hence  the  precipitate  formed  in  reaction  [194}  dissolves  in  an  excess 
of  the  reagent,  and  a  solution  of  P&O  in  lime-water  is  used  as  a 
hair-dye. 

216.  Gharaoteristio  Reactions.  —  The  lead  compounds,  in  many 
of  their  reactions^  are  closely  allied  to  the  compounds  of  the  first  three 
elements  of  this  group.  For  example,  the  soluble  salts  give  precipi- 
tates with  the  alkaline  carbonates  and  with  oxalic  acid.  But  in  other 
reactions  there  are  marked  differences.  Thus^  -r- 1.  A  strip  of  metallic 
zinc  placed  in  a  solution  of  plumbic  acetate  precipitates  all  the  lead. 

Zn  +  (PHOtBTfi,),  -h  Aq)  ^Pb^  {Zn^C,ff,0^^  +  Aq).     [201] 

2.  Sulphuretted  hydrogen  gas  passed  through  either  an  acid  or  an  alka- 
line solution  of  a  salt  of  lead  gives  a  black  precipitate  of  plumbic 
sulphide. 

(PW7/,  -h  E^S  4-  Aq)  =  PbS  +  (2  BCl  -h  Aq).  [202] 

When  the  solution  is  acidified  with  hydrochloric  acid,  the  precipitate 
is  at  first  red,  owing  to  the  formation  of  {Pb-S-PbyCl^ ;  but  this  is  soon 
converted  into  the  black  sulphide.  3.  Heated  on  charcoal  before  the 
blowpipe,  with  reducing  fluxes,  the  compounds  of  lead  yield  a  soft, 
malleable  bead  of  metal,  and  the  charcoal  immediately  around  the  bead 
is  at  the  same  time  coated  with  an  incrustation  of  oxide,  which  is 
orange-colored  while  hot,  but  becomes  lemon-yeUow  when  cold.  By 
these  reactions  lead  is  easily  diatinguished  from  ca|eium,  strontium. 
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and  barium.  Indeed,  the  distinction  is  so  marked,  that,  althoogh  the 
xesemblances  are  very  striking,  it  may  be  doubted  whether  lead  be- 
longs to  the  same  chemical  series. 

BEAOnONS  AND  PROBLEMS. 

1.  Galcite  and  Aragonite  are  both  not  un&equentlj  found  in  acicular 
crystals.    How  may  they  be  distinguished  I 

2.  Compare  the  molecular  volumes  of  Calcite  and  Aragonite. 

3.  By  igniting  100  parts  of  pure  calcic  carbonate,  Dumas  obtained  ex- 
actly 66  parts  of  lime.    What  is  the  atomic  weight  of  calcium  ?       Ans.  40. 

4.  What  assumptions  are  made  in  the  last  problem  ?    Q  20.) 

G.  How  much  CaO  can  be  obtained  from  100  kilogrammes  of  pure  lime* 
stone  t    How  much  Co'Ho^  will  this  amount  yield  1 

Ans.  56  kilo,  and  74  kilo. 

6.  How  much  limestone  must  be  burnt  to  yield  660  kilo,  of  quicklime  t 
How  many  cubic  metres  of  CO^  would  be  set  free  in  the  process  ? 

Ans.  1,000  kilo,  and  223.1  lO:* 

7.  In  one  cubic  metre  of  limestone  assumed  to  be  pure  calcic  carbonate, 
Sp,  Of.  2.72,  how  many  cubic  metres  of  CO^  are  condensed  ?    Ans.  607.1  m? 

8.  What  is  the  cause  of  the  incrustation  of  boilers  by  calcic  carbonate  ? 

0.  Lime-water  is  used  to  purify  certain  hard  waters.  Explain  the  re- 
action. 

10.  A  bed  of  limestone,  Sjp,  Gr,  2.76,  100  metres  thick,  would  make  a 
bed  of  anthracite  coal  of  what  thickness?  Assume  that  the  Sp,  Or.  of 
anthracite  is  1.8,  and  that  it  contains  90  per  cent  of  carbon. 

Ans.  20.37  metres. 

11.  In  order  to  precipitate  lime  as  completely  as  possible  with  ammonic 
carbonate,  it  is  important  to  avoid  an  excess  of  ammonium  salts,  and  to  warm 
the  liquid,  but  not  to  boil  it.  Give  the  reasons  for  these  precautions.  Also 
analyze  reactions  [184  and  the  reverse],  and  state  the  principle  under  which 
they  may  be  brought 

12.  One  cubic  decimetre  of  quick-lime,  Sp,  Or,  3.18,  will  absorb  how 
many  cubic  decimetres  of  water  1  How  many  units  of  heat  will  be  evolved 
by  the  change  of  state  which  the  water  undergoes  ?    '         Ana  1.022  dTmT* 

13.  In  burning  quick-lime  it  is  found  that  the  process  succeeds  best  in 
damp  weather,  and  is  facilitated  by  injecting  steam  into  the  kiln.  Why 
should  you  infer  that  this  would  be  the  case  1    (§  63.) 
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14.  Give  an  explanation  of  the  haidening  uid  adhesion  of  mortan  and 
cements. 

15.  When  milk  of  lime  is  spread  over  walls  in  the  process  of  whitewash- 
ing, what  compound  is  formed  on  the  sur&oe  ? 

16.  How  many  cubic  metres  of  CO^  can  be  absorbed  by  a  quantity  of  milk 
of  lime,  contaiuing  112  kilo,  of  lime  (CaO)  ? 

17.  When  lime-water  is  shaken  up  with  CO^  it  is  rendered  turbid.  How 
do  you  explain  the  reaction,  and  to  what  application  of  lime-water  in  the 
laboratory  does  it  point  ? 

18.  In  order  to  render  100  kilo,  of  sal  soda  caustic,  how  much  quick-lime 
must  be  used  1    [100.]  Ans.  52.83  kilo. 

19.  How  many  litres  of  chlorine  gas  would  be  absorbed  by  100  kilo,  of 
lime  (CaO)  first  changed  to  hydrate,  and  how  much  MnO^  must  be  used  to 
yield  the  requisite  amount  ?  Ans.  in  part,  39.85  litres  of  chlorine. 

20.  Bleaching  salts  have  been  regarded  as  a  mixture  of  calcic  chloride 
with  calcic  hypochlorite.    How  would  you  write  the  symbol  on  this  theory  ? 

21.  Represent  by  graphic  symbolB  CaCO^,  CaO^^  CaOCl^. 

22.  The  percentage  composition  of  Qypsum  is  calcium,  23.26 ;  sulphur, 
18.61 ;  oxygen,  37.21  ;  water,  20.92.    Calculate  the  symbol 

23.  Is  the  incrustation  of  steam-boilers  by  insoluble  calcic  sulphate  due 
to  the  same  cause  as  the  incrustation  of  salt-pans  by  Gypsum  ?  Explain  the 
difference. 

24.  If  the  calcium  contained  in  one  cubic  decimetre  of  Anhydrite  could 
be  replaced  by  H^^  what  would  be  the  volume  of  the  product  formed  ? 

26.  If  a  concentrated  solution  of  sodic  sulphate  is  mixed  with  a  concen- 
trated solution  of  calcic  chloride,  the  whole  mass  becomes  solid.  Write  the 
reaction,  and  explain  what  becomes  of  the  water  of  solution. 

Ans.  {Na^O^  +  Caa^  +  2HJ0)  =  2  Naa  -f  CaSO^  .  2  H^O. 

26.  How  could  you  detect  the  presence  of  sulphuric  acid  and  lime  in  a 
solution  of  Gypsum  7    Write  the  reactions. 

27.  Represent  the  constitution  of  Apatite  by  a  graphic  symbol. 

28.  How  may  you  regard  Apatite  as  derived  from  calcic  hydrate  ?  What 
important  part  does  fluorine  play  in  the  compound  ?  Does  not  the  presence 
of  such  a  univalent  element  in  this  compound  furnish  an  argument  in  favor 
of  the  bivalence  of  calcium  t 

29.  How  much  hydrochloric  acid,  Sp,  Gr,  1.1,  will  be  required  to  dis- 
solve 50  granmies  of  chalk,  and  how  many  litres  of  (9®s  could  be  thus 
obtained  ?  Ans.  179  grammes  of  add,  and  11.16  litres  of  CO^, 
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90.  By  what  aii^e  reacfeign  could  yoa  ohange  a  eolvtion  of  calcic  mtiate 
into  a  solution  of  nitre  ? 

31.  Compare  the  molecular  volmnee  of  the  natiTe  carbcmatea  of  strontium, 
barium,  and  lead,  with  those  of  Aiagonite  and  Caldte. 

32.  Write  the  reactions  by  which  strontic  and  baric  sulphates  may  be 
prepared  from  the  corresponding  nitrates  or  chlorides. 

33.  Analyze  the  reactions  by  which  the  chlorides  and  nitrates  of  stron- 
tium and  barium  may  be  prepared  from  the  corresponding  sulphates,  and 
show  why  such  a  circuitous  method  is  necessary. 

34.  Compare  the  molecular  volume  of  the  sulphates  of  this  group  with 
that  of  the  corresponding  carbonates. 

35.  How  may  solutions  of  calcic  and  strontic  sulphates  be  used  to  detect 
barium  and  strontium,  even  if  mixed  together  in  the  same  solution  1 

36.  Knowing  that  sulphuric  acid  if  in  excess  will  completely  precipitate 
barium  and  strontium,  how  can  you  detect  the  presence  of  lime  in  a  solution 
containing  all  three  ? 

37.  On  what  does  the  use  of  the  salts  of  barium  as  tests  for  sulphuric  acid 
depend  f 

38.  To  how  much  SO^  does  0.932  gramme  of  baric  sulphate  correspond  ? 

Ans.  0.320  gramme. 

39.  A  quantity  of  Witherite  weighing  0.591  gramme  was  dissolved  in 
hydrochloric  acid  and  precipitated  with  sulphuric'  acid.  The  precipitate 
when  washed,  dried,  and  ignited  weighed  0.699  gramme.  What  per  cent  of 
barium  does  the  mineral  contain  1  Ans.  69.37  per  cent. 

40.  Baric  and  strontic  carbonates  are  not,  like  calcic  carbonates,  easily 
decomposed  when  heated  in  the  air,  but  readily  give  off  €0^  if  heated  in  an 
atniosphero  of  hydrogen.  How  do  you  explain,  these  facts?  and  do  they 
confirm  or  otherwise  your  answer  to  question  13  ? 

41.  What  is  the  peaccentage  of  lead  in  the  three  minerals  Anglesite,  Ceru- 
site,  and  Galena  ?  Ans.  68.32  %  77.54  %,  86.62  %. 

42.  Analyze  reactiona  [191-193]  and  state  the  general  theory  of  the 
smelting  process,  including  the  removal  of  the  gangue  and  the  reduction  of 
the  ore. 

43.  Expiain  the  peculiar  action  of  lead  with  acid  solvents.  Why  must 
the  nitric  acid  be  diluted,  and  to  what  extent  ? 

44.  How  many  kilo,  of  litharge  can  be  obtained  irom  37.1  kilo,  of  lead, 
and  what  vcdume  of  oxygen  gas  would  be  absorbed  in  the  process  ? 

Ans.  39.96  kilo,  and  2  £> 
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45.  Represent  the  plambic  oxides  and  hydrates  bj  giaphio  symbols, 
and  show  how  the  condensed  hydrates  are  related  to  the  assumed  normal 
hydrate. 

46b  The  action  of  nitric  add  on  lead  depends  on  the  d^ree  of  concentra- 
tion and  on  the  temperature.  Write  the  reaction  assuming  that  N^O  is 
formed ; '  also  assuming  that  NO  is  formed. 

47.  How  many  kilo,  of  crystallized  sugar  of  lead  can  be  made  from  6.60 
kilo,  of  lithaige  ?  Ans.  11.37  kilo. 

48.  How  much  litharge  will  a  solution  containing  11.37  kilo,  of  sugar 
of  lead  dissolve,  assuming  that  triplumbic  acetate  is  the  product  formed? 

Ans.  13.17  kilo.  P60. 

49.  Write  the  reaction  of  CO,  on  a  solution  of  basic  acetate  of  lead. 

60.  How  may  the  basio  acetates  be  regarded  as  derived  from  the  normal 
hydrates? 

51.  Write  the  reaction  of  dilate  sulphuric  add  on  a  solution  of  plumbic 
nitrate. 

52.  Represent  the  constitution  of  Pyromoiphite  and  Mimetine  by  graphic 
symbols. 

63.  What  is  the  derivation  of  the  name  Pyromoiphite  ? 

64.  Will  the  whole  of  the  lead  be  pxedpitated  from  its  solution  in  acetic 
acid  by  an  excess  of  HCl  -[-Aq? 

56.  By  what  reagent  mxy  you  predpitate  the  whole  of  tiie  lead  from  a 
solution  of  one  of  its  salts  ? 

66.  Why  should  a  solution  of  PbO  in  lime-water  blacken  the  hair,  or  any 
other  organic  material  containing  sulphur? 

67.  How  could  you  detect  the  presence  of  lead  in  water  ? 

58.  From  a  solution  containing  all  the  members  of  this  group,  how  cotdd 
you  separate  the  whole  of  the  lead  ? 

69.  The  solubility  of  the  compounds  of  the  elements  of  this  group  di- 
minishes, as  a  general  rule,  in  proportion  as  the  atomic  weight  of  the 
metallic  radical  increases.  Does  this  fact  conform  to  the  law  which  gen- 
erally obtains  in  chemical  series  in  regard  to  the  chemical  energy  of  the 
different  members  ? 
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DIVISION  X. 

217.  ICAONBSZtTM.  Mg  =r  24.  —  Bivalent  One  of  the  moet 
widely  dlBtributed  elements,  although  not  ao  abundant  as  Calcium^ 
with  which  it  is  usually  associated.  In  some  of  its  relations  it  is  very 
closely  allied  to  calcium,  but  also  differs  from  it  in  many  important 

respects. 

218.  Metallic  Magneainm,  ify,  is  readily  obtained  by  decomposing 

the  anhydrous  chloride  with  metallic  sodium,  and  also  by  electrolysis. 
It  is  a  silver-white  metal,  melting  at  a  red  heat,  and  volatilizing  at  a 
high  temperature  in  an  atmosphere  of  hydrogen.  It  is  malleable  and 
ductUe,  is  susceptible  of  a  high  polish,  and  does  not  tarnish  in  dry  air. 
Heated  in  the  air  it  takes  fire  and  bums  with  great  splendor  [56],  and 
it  is  now  much  used  as  a  source  of  pure  white  light  when  great  bril- 
liancy is  required.  Boiling  water  acts  upon  the  metal  quite  rapidly, 
but  cold  water  is  decomposed  only  veiy  slowly. 

219.  Magneiio  Oxide  (Caloined  Magnesia),  MgO^  is  obtained 
when  the  metal  is  burnt  in  air.  It  can  also  be  obtained  by  calcining 
the  carbonate  or  the  nitrate.  It  is  a  bulky  white  powder,  wholly  in- 
fusible, and  emitting  a  bright  white  light  when  heated  before  the  blow- 
pipe. Intensely  heated,  it  appears  to  volatilize  unchanged.  When 
mixed  with  water  it  slowly  unites  with  it  to  form  a  hydrate.  The 
oxide  obtained  by  calcining  the  nitrate  is  much  denser  than  that 
made  from  the  carbonate,  and  possesses  remarkable  hydraulic  qualities. 
When  mixed  with  water  it  soon  sets,  forming  a  hard  compact  mass 
resembling  marble.  If  the  oxide  is  heated  to  a  very  high  tempera- 
ture, it  loses  its  power  of  uniting  with  water,  and  dissolves  only 
slowly  even  in  the  strongest  acids.  Crystallized  MgO  (Figs.  25  to 
27),  Periclase,  has  been  found  in  small  grains  imbedded  in  a  lime- 
stone rock  ejected  from  Vesuvius,  but  otherwise  it  does  not  occur  un- 
combined  in  nature. 

220.  Magnesio  Hydrate,  Mg^^H^^  is  found  native,  crystallized 
in  large  hexagonal  plates  (§  107),  Brucite.  It  can  be  readily  formed 
artificially  as  above ;  also  by  adding  caustic  potash,  soda,  or  baryta 
to  the  solution  of  any  of  its  salts.  It  is  but  very  slightly  soluble 
in  water,  yet  sufficiently  to  give  a  distinct  alkaline  reaction  (§  40). 
It  absorbs  CO^  slowly  from  the  air,  but  much  more  slowly  than  calcic 
hydrate. 
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221.  Magnasio  Carbonate.  Mg^OfOO.  Sp.  Gr.  3.056.  — The 
minend  Magnesite,  iaomorphous  with  Calcite.  Liaoluble  in  pure  water, 
but  in  carbonic  acid  water  more  soluble  than  calcic  carbonate.  This 
solution  is  much  used  as  a  medicine  (liquid  magnesia).  If  exposed  to 
the  air,  the  magnesic  carbonate  slowly  separates  in  crystalline  flakes, 
containing  three  molecules  of  water.  Anhydrous  magnesic  carbonate 
is  not  readily  obtained  artificially.  The  precipitate  obtained  on  adding 
sodic  carbonate  to  a  boiling  solution  of  a  magnesic  salt  is  a  mixture  of 
magnesic  carbonate  and  magnesic  hydrate  in  variable  proportions  (Mag- 
nesia Alba).  The  product,  however,  appears  to  be  a  mixture  of  several 
definite  compounds  of  these  two  salts;  and  a  crystalline  mineral  is  known, 
called  Hydromagnesite,  which  has  the  formula  H^Mgfiyf!^  .211^0,  or 

Hof{G'^0^'Mg^Ot-G-0^-MrOt'C) .  2  H,0. 

Magnesic  carbonate  is  found  united  with  calcic  carbonate  in  the 
mineral  Dolomite  (Sp.  Gr.  2.9).  This  is  by  far  the  most  abundant 
native  compound  of  magnesium,  and  forms  in  many  localities  exten- 
sive beds  of  rocks.  It  occurs  in  large  and  well-defined  crystals, 
which  are  iaomorphous  with  calcite  and  magnesite  (Fig.  36).  ,The 
mineral  is  somewhat  variable  in  its  composition,  and  may  either  be 
regarded  as  an  isomorphous  mixture  of  these  two  substances,  or  else 
as  a  definite  compound  mixed  with  an  excess  of  one  or  the  other  of 
its  constituents. 

MgCO^'\'  CkCOj,,    or    {MgO,y{0'0^'Oy(CaO;). 

When  calcined  at  not  too  high  a  temperature,  the  magnesic  carbonate 
is  alone  decomposed,  and  a  product  obtained  which  forms  an  excellent 
hydraulic  cement.  From  the  calcined  mass  the  magnesia  can  be  dis- 
solved out  by  carbonic  acid  water  and  freed  from  the  lime.  In  this 
way  pure  magnesic  carbonate  is  prepared. 

222.  MagnMlo  Bolphata  (ppmom  Salt).  MgSO^  .  7 JB^O.— The 
most  important  soluble  salt  of  magnesium.  Obtained  from  the  bittern 
of  sea-water,  or  by  treating  the  native  carbonates  or  Dolomite  with 
sulphuric  acid.  It  is  a  very  common  ingredient  of  mineral  waters, 
like  those  of  Epsom,  and  is  formed  when  water  saturated  with  gypsum 
filters  through  Dolomitic  rocks.  The  salt,  with  seven  molecules  of 
water,  is  dimorphous,  crystallizing  both  in  orthorhombic  forms  iso- 
morphous with    ZnSO^ .  7^70,.  and  in  monoclinic    forms   isomer- 


350  QNC.  [§  223. 

pbous  with  FeSO^.lHO.  It  may  also  be  obtained  crystallized  with 
ly  2,  3y ....  12  molecules  of  water  under  regulated  conditions,  chiefly 
of  temperatuie.  The  compound  MgSO^.  H^O  (Kieserite)  is  found  in 
the  Stassfdrt  salt-beds.  £p8om  salt  is  reduced  to  the  same  composition 
when  heated  to  150°,  but  the  last  molecule  of  water  is  retained  even  at 
200°,  and  this  leads  us  to  believe-  that  it  forms  a  part  of  the  mole- 
cule of  the  salt,  whose  formula  would  then  be  written  MgOfSO'Bo^, 
This  opinion  is  confirmed  by  finding  that  this  molecule  of  water  may 
be  replaced  by  the  molecule  of  an  alkaline  sulphate,  forming  a  double 
salt,  which  crystallizes  with  6HfO  m  the  same  form  as  magnesic  sul- 
phate with  7 1^0.     The  symbol  of  the  potash  salt  is 

Epsom  salt  dissolves  in  about  three  times  its  weight  of  cold  water.  It 
is  a  valuable  medicine,  but,  like  all  the  soluble  salts  of  magnesium,  it 
has  a  bitter,  disgusting  taste. 

223.  Magnesic  Bilicmtea.  —  The  well-known  minerals.  Serpentine, 
Talc  (Soapstone),  and  Chrysolite  (Olivine),  are  essentially  magnesic 
silicates ;  and  in  many  other  native  silicates,  including  the  Hornblendes, 
Augites,  Chlorites,  and  some  varieties  of  Mica,  magnesium  is  one  of 
the  principal  basic  radicals. 

224.  Masnesio  Chloride.  MgCl^,  —  Found  dissolved  in  sea-water, 
and  the  cause  of  its  bitter  taste.  Obtained  by  dissolving  magnesic  car- 
bonate ^n  hydrochloric  acid,  and  evaporating  in  an  atmosphere  of 
hydrochloric  acid  gas.  If  evaporated  in  the  air,  the  salt  is  partially 
decomposed.  Very  fusible.  Used  for  making  magnesium.  Forms 
double  salts  with  alkaline  chlorides  (§  155). 

225.  Charaoteriatio  Reaotiona.  —  Magnesium,  although  closely  re- 
lated to  calcium,  is  distinguished  from  the  alkaline  earths  by  the  great 
solubility  of  its  sulphate,  also  by  its  tendency  to  form  soluble  double 
salts  with  ammonium,  in  consequence  of  which  no  precipitate  is  formed 
in  solutions  of  its  salts  either  by  ammonia  or  ammonic  carbonate,  when 
sufficient  excess  of  some  ammonium  salt  is  present.  The  ammonio^ 
magnesic  phosphate,  however,  {NH^,Mg^Oj^PO:^H^O^  is  insoluble, 
and  is  formed  whenever  sodic  phosphate  is  added  to  an  ammoniacal 
solution  of  a  magnesium  salt  This  reaction  furnishes  the  most  delicate 
test  for  magnesium  salts. 

226.  ZINC  Zn  =  65.2.  — Bivalent  One  of  the  more  abundant 
metallic  elements.     The  principal  ores  are 
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B^  Oxide  of  ZinCy*  ZnO  Hexagonal, 

Blende,  ZnS  Isometric, 

Smithsonite,  (ZnO^OO  Hexagonal, 

Calamine,  {Zn  O^Si  .2B^0  Trimefcric 

The  ores  are  reduced  by  first  roasting  or  calcining  until  the  metal  is 
in  the  condition  of  an  oxide,  and  then  distilling  with  a  mixture  of  coal 
in  earthen  retorts  or  mu£9es. 

227.  MetaUio  Zino.  Zn.  —  Sp.  Or.  6.8  to  7.2.  Fuses  at  500^ 
Boils  at  a  red  heat.  The  polished  surface  has  a  bright  lustre,  with 
a  bluish  tint,  but  soon  tarnishes  in  moist  air.  Has  a  crystalline  struc- 
ture, but,  although  brittle  both  at  a  high  and  a  low  temperature,  it 
may  readily  be  rolled  out  into  sheets  at  a  temperature  of  about  140^. 
Sheet-zinc  is  nearly  as  cheap  as  sheet-iron ;  and  since  it  does  not  rust^ 
or  at  most  only  very  superficially,  it  is  preferable  for  many  purposes. 
Iron,  however,  is  a  much  stronger  metal,  and  is  frequently  coated  with 
zinc  to  protect  it  from  rusting.  It  is  then  said  to  be  galvanized.  Zinc 
readily  dissolves  in  dilute  acids  with  the  evolution  of  hydrogen,  and  is 
much  used  in  the  laboratory,  together  with  dilute  sulphuric  acid,  for 
making  this  gas.  The  metal  is  first  granulated  by  pouring  it,  when 
melted,  into  water.  When  boiled  with  a  solution  of  caustic  soda  or 
potash,  it  also  dissolves  with  evolution  of  hydrogen. 

Zn  +  (2  KO-H+  Aq)  =  {K^Oi^Zn,  +  Aq)  +  SIHL     [203] 

It  is  used  as  the  electro-positive  metal  in  the  galvanic  battery. 

228.  Zincic  Oxide,  ZnO,  which  is  made  in  large  quantities  by 
burning  zinc  vapor  at  the  mouth  of  the  reduction  furnaces,  is  a  very 
light  white  powder,  much  used,  when  mixed  with  oil,  as  a  white  paint 
A  denser  oxide  is  obtained  by  calcining  zincic  nitrate. 

229.  Zinoio  Hydrate,  Zn'ffo^,  is  formed  by  the  reaction 

{ZnSO^  +  2  K'Ho  +  Aq)  =  Zn-ffo,  -f  {K^O^  +  Aq),    [204] 

but  is  soluble  in  an  excess  of  reagent. 

230.  Zincic  Carbonate,  ZnCO^,  is  isomorphous  with  Magnesite 
and  Calcite.  When  prepared  by  precipitation,  a  mixture  of  hydrate 
and  carbonate  is  formed,  as  in  §  221. 

231.  Zincic  Sulphate  (White  Vitriol).  ZnSO^.T H^O.  —  Yerj 
soluble  salt,  isomorphous  with  Epsom  salt,  which  it  closely  resembles 

*  The  color  ia  dae  to  the  presoioe  of  a  small  amount  of  manganese. 
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in  most  of  its  chemical  relations,  forming  similar  doable  salts.     Prepa- 
ration as  in  [64].     Used  in  pharmacy. 

232.  Zinolo  Chloride.  ZnCl%. — A  solution  of  zinc  in  hydrochloric 
acid  can  be  concentrated  by  evaporation  without  decomposition.  All 
the  water  is  not  driven  off  until  the  temperature  reaches  250^.  The 
result  is  a  thick  syrup,  which  forms,  on  cooling,  a  white,  deliquescent 
solid,  melting  at  100^,  called  by  the  alchemists  Butter  of  Zinc  It  has 
an  intense  affinity  for  water,  and  by  its  aid  the  elements  of  water  may 
frequently  be  removed  from  a  chemical  compound  without  producing 
any  further  change.  Thus,  alcohol  may  be  converted  by  it  into  ether 
or  ethylene.     According  to  the  proportions  used,  we  have 

G^KO  "  H^O  -  C^.,    or    2(7t^O-/r,0=  2Ci^,a   [2061 

For  the  same  reason  it  acts  as  a  cautery  on  the  skin.    It  is  also  used 
in  solution  as  an  antiseptic  and  disinfecting  agent. 

233.  Zinc  and  the  Alcohol  Radioalik  — Zinc  Methide,  ZwipH^^\ 
Zinc  Ethide,  Zn^C^H^^)  Zinc  Amylide,  Zw{C^H^;)^.  Observed  gji, 
(9r.  of  vapor,  3.29,  4.26,  and  6.95  respectively.  Obtained  both  by 
heating  zinc  with  the  iodides  of  methyl,  ethyl,  or  amyl  in  sealed  tubes, 
and  by  the  action  of  zinc  on  the  mercury  compounds  of  the  same  radi- 
cals. They  are  all  three  colorless,  transparent,  strongly  refracting,  and 
mobila  liquids.  They  are  also  volatile,  boiling  at  the  temperatures  of 
46°,  118®,  and  220®  respectively.  They  are  likewise  highly  inflamma- 
ble, and  the  first  two  take  fire  spontaneously  in  the  air.  As  these 
compounds  do  not,  as  a  whole,  combine  with  any  of  the  elements, 
their  molecules  are  evidently  saturated,  and  they  are  interesting  as 
fixing  beyond  all  doubt  the  atomic  relations  of  zinc  Moreover,  they 
are  useful  reagents  in  many  processes  of  organic  chemistry. 

234.  Charaoteriatio  Reaotions.  —  Zinc,  like  magnesium,  forms 
soluble  double  salts  with  ammonia,  but  it  is  easily  distinguished  by 
the  fact  that  its  sulphide  is  insoluble,  not  only  in  solutions  of  the  fixed 
alkalies,  but  also  in  those  of  ammonia  and  the  ammonium  salts. 
Hence  it  is  precipitated  from  all  alkaline  solutions  by  sulphuretted 
hydrogen.  The  sulphide  thus  obtained  is  a  white  precipitate,  soluble 
in  dilute  mineral  acids,  but  insoluble  in  acetic  acid. 

235.  Cadmium.  Cc?  =  112.— i§j.  Gr,  8.69.  Bivalent.  A  com- 
paratively rare  element  associated  with  *zinc.  As  metallic  cadmium 
is  more  volatile  than  its  associate,  it  accumulates  in  the  dust  which 
collects  in  the  early  stages  of  the  process  of  distilling  zinc  from  its 
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ores.  Cadmitim  resembles  due  in  fonnmg  similar  oxides  and  hydrates 
and  similar  soluble  salts.  Bnt,  on  the  other  hand,  it  differs  from  zinc 
in  many  important  respects.  It  is  less  soluble  in  acids,  its  hydrate  is 
insoluble  in  caustic  alkaliesi  its  basic  carbonate  is  insoluble  in  excess  of 
ammonic  carbonate,  and  its  yellow  sulphide  is  insoluble  in  cold  dilute 
mineral  acids  in  presence  of  B^.  This  sulphide  is  found  in  nature, 
and  the  mineral  is  called  Greenockite.  The  sulphide  obtained  by  pre- 
cipitating a  solution  of  a  salt  of  cadmium  with  B^  is  much  used  as  a 
yellow  paint.  The  great  stability  of  this  sulphide  is  one  of  the  most 
characteristic  features  of  cadmium.  Cadmic  sulphate,  if  heated  in  an 
atmosphere  of  H2S,  is  readily  reduced  to  the  sulphide,  and  this  reac- 
tion has  been  used  for  determining  the  atomic  wei^t  of  the  element. 
Zinc  precipitates  oadnuum  from  solutions  of  its  salts.  Cadmium  melts 
at  242°,  and  an  alloy  of  cadmium  with  lead,  tin,  and  bismuth  melts 
at  60"".  Cadmium  boils  at  860^  and  the  Sp.  Or.  of  its  yapor  has  been 
obeenred  to  be  56.85. 


QUESTIONS  AND  PBOBLEMS. 

1.  Write  the  leaotion  of  sodium  on  msgnesic  chloride. 

5.  When  water  is  decomposed  by  magnesium,  what  are  the  products! 
Write  the  reaction.    [39.] 

3.  How  do  you  account  for  the  intense  brilliancy  of  the  light  emitted  by 
burning  magnesium  ?    (§  81.) 

4  Write  the  reaction  of  water  on  caldned  magnesia.    [41.] 

*  5.  Write  the  reaction  of  a  solution  of  caustic  soda  on  a  solution  of  magnesic 
chloride.       Ans.  (Mga^  +  2  NaHo  +  Aq)  =  MgHo^  +  (2  NaCl  +  Aq). 

6.  Represent  the  composition  of  Hydromagnesite  by  graphic  symbols. 

7.  Represent  graphically  the  compound  radicals  MgO^y  GsO„  ZnO^,  and 
show  their  relations  to  hydrozyL 

8.  Represent  graphically  the  composition  of  Dolomite. 

9.  What  do  you  understand  by  the  term  isomorphous  mixture  ? 

10.  Explain  the  theory  of  the  preparation  of  magnesic  carbonate  from 
Dolomite. 
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11.  The  symbol  of  magnesic  sulphate  may  be  written  either  MgSO^,  at 
Mg^j^SO^,  or  MgO^O^,    What  different  rektionB  do  these  fonna  suggest  f 

12.  Write  the  reaction  of  sulphuric  acid  on  the  two  constituents  of  Dolo- 
mite, and  show  that  pure  Epeom  salt  may  be  thus  prepared. 

13.  Write  the  reaction  of  a  solution  of  Gypsum  on  magnesic  carbonate. 

14.  Represent  by  graphic  symbols  MgSO^ .  H/), 

15.  Represent  by  graphic  sjrmbols  the  composition  of  potassio-magnesic 
sulphate,  and  explain  the  relations  of  the  crystallized  salt  to  Epsom  salt 

16.  Write  the  reaction  of  hydrochloric  acid  on  magnesic  carbonate. 

17.  Explain  the  decomposition  which  results  when  a  solution  of  magnesic 
chloride  is  evaporated  in  the  air,  and  why  an  atmosphere  of  HCl  diould 
prevent  the  change. 

18.  What  is  the  difference  between  the  relations  of  baric  and  magnesic 
carbonate  to  calcic  carbonate  t 

Ans.  The  first  is  related  to  Aragonite,  the  second  to  Galdte. 

19.  What  is  the  difference  between  the  reactions  of  sodic  carbonate  on 
solutions  of  calcic  and  magnesic  salts,  and  on  what  does  the  difference  de- 
pend ?    Write  the  reactions  in  the  two  cases. 

20.  What  is  the  difference  between  the  reaction  of  ammonic  carbonate  on 
the  same  solutions  t 

21.  Write  the  reaction  of  sodic  phosphate  on  an  ammoniaeal  solution  of 
magnesic  chloride. 

Ans.  (MgCl^  +  NH^  +  H,Na^O^PO  +  Aq)  = 

(NHJ,MgsO^P0.6  H^O  -I-  (2i^aa  +  Aq). 

22.  Write  the  reactions  when  zinc  blende  and  Smithsonite  are  calcined. 
Ans.  ZnCO^=:ZnO  +  CO^,  and  2ZnS-f  3(S)-®  =  2ZnO-f  250,. 

23.  Write  the  reaction  when  zincic  oxide  is  reduced. 

Ajis.  ZnO  -f.  C  =:  Sin  +  OCS). 

24.  Write  the  reactions  of  dilute  sulphuric,  hydrochloric,  and  acetic  acids 
on  zinc. 

25.  What  part  does  zinc  pky  in  reaction  [203]  ? 

26.  In  what  different  ways  may  the  symbol  of  zincic  hydrate  be  written  t 

Ans.  ZvfO^H^^  ZnFHo^j  ZnO^H^. 

27.  When  zincic  hydrate  dissolves  in  caustic  soda,  what  is  formed  % 
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28.  Write  the  reaction  of  sodic  carbonate  upon  a  solution  of  zincic  sul- 
phate,  aflsuming  that  three  molecules  of  zincic  hydrate  are  formed  to  every 
two  molecules  of  zincic  carbonate. 

Ans.  (bZnSO^  +  6NajfiO^  +  ZH^O  +  Aq)  =r 

2  ZnCOg  +  3  ZnHo,  +  (6  Na^O^  -^  Aq)  +  3  O®,. 

29.  In  what  different  ways  may  the  symbol  of  zincic  sulphate  be  written, 
both  the  anhydrous  salt  and  the  salt  with  one  molecule  of  water?  Repre- 
sent graphically. 

30.  Write  the  symbol  of  potassio-zincic  sulphate.  What  is  the  crystalline 
form  of  this  double  salt,  and  with  how  many  molecules  of  water  does  it 
crystallize  t 

31.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  zincic  sul- 
phate.      Ans.  {ZnSO^  +  (iSTfl^^  +  Aq)  =  ZnS  +  {{NHJ^SO^  +  Aq). 

32.  Write  the  reaction  of  sulphuretted  hydrogen  on  a  solution  of  zincic 
acetate. 

33.  Would  zincic  sulphide  be  precipitated  from  a  solution  of  zincic  chlo- 
ride containing  an  excess  of  hydrochloric  add?  What  is  the  difference 
between  this  case  and  that  of  problem  32  ?    (f  22). 

Cadmlnm. 

34*  Write  the  reaction  of  dilute  sulphuric  acid  on  cadmium. 

35.  Write  the  reaction  of  sodic  hydrate  on  a  solution  of  cadmic  sulphate. 

36.  Write  the  reaction  of  sulphuretted  hydrogen  on  a  solution  of  cadmic 
chloride. 

37.  By  what  reagents  may  cadmium  be  separated  from  zinc  ? 

Ans.  By  metallic  zinc,  by  ammonic  carbonate,  and  by  sulphuretted  hy- 
drogen. 

3a  Show  how  the  atomic  weight  of  cadmium  may  be  determined  by 
reducing  CdSO^  to  CdS.  To  what  known  atomic  weights  is  the  atomic 
weight  of  cadmium  then  referred,  and  to  what  extent  would  any  error  in 
these  yalues  influence  the  result. 

39.  Assuming  that  the  atomic  weight  of  cadmium  is  112,  what  inference 
may  be  drawn  from  the  Sp.  Or.  of  its  vapor  in  regard  to  the  constitution  of 
its  molecule  ?  Does  the  conclusion  have  any  bearing  on  the  molecular  con- 
stitution of  other  bivalent  elements  t 
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DIVISION  XL 

236.  KORWOazUM.  Ng  ^  145.9,  if  the  oxide  is  JV>0.  — This 
name  has  been  giyen  to  a  metal  obtained  firom  a  sample  of  copper- 
nickel  of  Krageio,  Norway.  The  oolor  of  the  metal  is  said  to  be 
white,  with  a  slight  biownish  cast  When  polished  it  has  a  perfectly 
metallic  lustre,  but  after  a  time  it  becomes  covered  with  a  thin  film  of 
oxide.  It  can  be  flattened  out  in  an  agate  mortar,  and  in  hardness 
resembles  copper.  The  melting  point  is  350^,  and  the  Sp.  Or,  9.441. 
Only  one  oxide  has  been  obtained.  With  JH^S  it  gives  a  brown  sul- 
phide, even  in  strongly  acid  hydrochloric  acid  solutions,  which  redis- 
solves  in  ammonic  sulphide.  With  potassic  fenocyanide  it  gives  at 
first  a  brown,  but  with  latgeit  proportions  a  green  precipitate.  It 
dissolves  in  dilute  sulphuric  acid,  and  is  precipitated  from  this  solution 
by  metallic  zinc  in  a  pulverulent  state.  The  solutions  of  the  metal  are 
blue,  but  become  green  on  dilution.  We  copy  the  description  as  it 
has  been  given,  but  this  does  not  give  us  the  means  of  classifying  the 
element,  and  we  place  it  here  provisionally. 


DIVISION  XIL 

237.  COPPBR.  Cu  =  63.  —  Bivalent.  One  of  the  most  abundant 
metals,  and  known  from  great  antiquity.  Of  its  ores,  by  hi  the  most 
important  is  Copper  Pyrites,  F^S^'Cv,  which  la  found  to  a  greater  or 
less  extent  in  almost  all  countries.  This  mineral  resembles  iion  pyrites, 
but  is  distinguished  from  it  by  greater  softness  and  a  ruddier  tint 
The  smelting  of  the  ore  is  a  complex  process,  and  consists  in  an  alter- 
nating series  of  roastings  and  meltings,  during  which  the  iron  passes 
into  the  slags,  while  the  copper  accumulates  in  the  successive  ''  mattes," 
as  they  are  called,  until  at  last  a  nearly  pure  sub-sulphide  is  obtained. 
This  is  now  heated  in  a  current  of  air  until  the  metal  is  partially 
oxidized,  and  then  the  mass  is  melted,  when  the  following  reaction 

results :  — 

2CuO  +  Cu^S  =iiCu+SO^.  [206] 

The  crude  metal  thus  obtained  must,  however,  be  subsequently  refined. 
To  this  end  it  is  first  kept  melted  in  the  air  for  many  hours,  until  all 
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the  impmities  are  ooddued;  and  then  tha  ozides.of  copper,  fbcmed  at 
the  same  time,.are  reduoed  by  aubmitiang.the  maas  to  the  action  of 
carbonaceous  gases,  which  are  generated  bj  thrusting  a  stick  of  green 
wood  under  the  molten  metaL 

238.  MatalHo  Copper.  Oh,  —  Found  native  crystallized  in  forms 
of  the  isometric  system.  Has  a  brilliant  lustre,  and  a  £Eimiliar  reddish 
color«  Has  great  hardness  and  tenacity.  Is  very  ductile  and  malle- 
able, and  one  of  the  best  conductors  of  heat  and  electricity.  Sp.  Gr. 
8.8.  Fuses  at  about  780*^.  Volatilizes  only  at  a  very  high  tempera- 
ture. Its  vapor  bums  with  a  beautiful  green  flame,  which  shows  in 
the  spectroscope  characteristic  bands.  Under  ordinary  conditions 
copper  undergoes  no  change  in  the  atmosphere,  but  if  heated  to  red- 
ness in  the  air  it  is  rapidly  oxidized.  In  presence  of  acids  or  solutions 
of  chlorides,  like  sea-water,  copper  absorbs  oxygen  from  the  air  at  the 
ordinary  temperature,  and  is  more  or  less  rapidly  corroded.  A  similar 
effect  is  also  produced  by  aqua  ammonia  and  solutions  of  ammonium 
salts.  Out  of  contact  with  the  air,  dilute  hydrochloric  or  sulphuric 
acids  have  but  little  action  upon  metallic  copper.  If  boiled  with  strong 
hydrochloric  acid  in  a  state  of  fine  diviBion  (cement  copper),  it  very 
slowly  dissolves  with  the  evolution  of  hydrogen  gas  and  the  produc- 
tion of  CujJl^  Under  the  same  conditions  sulphuric  acid,  if  not 
too  dilute,  is  decomposed  by  it,  cupric  sulphate  is  formed,  sulphurous 
oxide  is  evolved,  and  the  reaction  is  similar  to  [151].  Nitric  acid  is 
the  best  solvent,  but,  singularly,  the  strongest  acid  has  no  action  on 
the  metal.  When  diluted  with  water,  however,  the  action  is  very 
violent ;  cupric  nitrate  is  formed,  and  a  gas  is  evolved  which  is  gener- 
ally NO ;  but  when  the  acid  is  very  dilute  this  product  is  more  or 
less  mixed  with  Nfi, 

239.  Cnprio  Ozidea.  \Cu^O  and  CuO,  —  Both  of  these  act  as 
basic  anhydrides,  but  the  second  yields  by  fu  the  most  stable  and 
important  compounds.  \Cu^  0  has  a  red  color,  and  when  melted  into 
glass  imparts  to  it  a  beautiful  ruby  or  purple  color.  It  is  the  Bed 
Oxide  of  Copper  of  mineralogy,  and  is  found  massive  and  beauti- 
fully crystallized  in  various  forms  of  the  isometric  system,  also  in 
aplendid  capillary  tufts  (Chalcotrichite).  C^O  is  black,  but  imparts 
to  glass  a  groen  color.  It  is  found  sparingly  in  nature,  rarely  crystal- 
lized (Blade  Oxide  of  Copper,  or  Melaconite).  May  be  prepared  by 
roasting  copper  or  by  igniting  the  nitiate.  Is  very  easily  reduced  by 
hydrogen  [67],  or  by  carbonaceous  materials,  and  is  much  used  as  an 


358  COPPXB.  [§  240. 


oxidizing  agent  in  the  prooeaa  of  organic  anal jsis.  The  following  re- 
actions illustrate  some  of  the  lektiona  of  these  oxides  and  their 
hjdiates: — 

When  cold,  (CwO^-SO^  +  2  K-0-ff+  Aq)  = 

Cu-0,«H,  +  {KfOfSO^  +  Aq).     [207] 

By  boiling,         {Cw^  OiH^  +  Aq)  =  CuO  +  (^  0  +  Aq).  [208] 

By  boiling  with  grape  sugar, 

(2C4rO,-5'0,-f  4  JT-O-iSr-  0  +  ilg)  = 

[CuJO  +  (2J^«0,-50,  +  2J3;0  +  i4j).    [209] 

An  orange-yellow  hydrate,  4[CtiJ0.Z^0,  is  precipitated  on  first 
warming  the  liquid,  but  this  is  rendered  anhydrous  by  boiling. 

240.  Cnprio  Sulphate  (Blue  Vitriol).  (heO^SO^  .  5  -fi^ft  —  The 
most  important  soluble  salt  of  copper.  Although  when  pure  it  always 
crystallizes  with  five  molecules  of  water,  as  above,  yet*  it  is  capable  of 
forming  isomorphous  mixtures  with  ferrous  sulphate,  Fe^O^SO^  ,1  H^O. 
When  in  this  mixture  the  copper  is  in  excess,  the  crystals  take  b  H^O 
and  the  form  of  cupric  sulphate  (Fig.  48).  I^  however,  the  iron  is  in 
excess,  they  take  t  H^O  and  the  form  of  ferrous  sulphate  similar  to 
Fig.  46.  The  anhydrous  salt  is  white,  but  becomes  blue  on  uniting 
with  water,  for  which  it  has  a  very  strong  afi&nity.  Of  the  five  mole- 
cules of  water  with  which  the  crystalline  salt  is  united,  one  is  held 
much  more  firmly  than  the  other  four,  and  may  be  replaced  by  a 
molecule  of  an  alkaline  sulphate.  This  gives  a  reason  for  writing  the 
symbol  of  the  salt  thus :  Ho^^CuO^SO  .  4ii^0.  In  like  manner  the 
symbols  of  several  so-called  basic  salts  may  be  written  thus :  — 

ffo^,(OuO^H\lS  (Brochantite), 
Bb,{CuO^H),lS.2ff^O, 

in  which  the  group  CuO^H  may  be  regarded  as  a  monad  radical.  From 
solutions  of  cupric  sulphate  the  copper  is  readily  precipitated  by  Zn 
OT  Fe, 

Zn  +  (  OuSO^  +  Aq)  =  Cu  -h  (ZnSO^  +  Aq).  [210] 

241.  Carbonates.  —  Malachite,  (Ou0^ff)*CO.  Same  compound 
may  be  obtained  by  mixing  hot  solutions  of  cupric  sulphate  and  sodic 
carbonate.    Azurite,  (OuO^^Ho^rmC^  or  Ho,OuOj<HluO^OCuO^H6. 
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MyBorin,  (CuO^/C.  Neither  the  noimal  carbonate  CuOj€Of  nor  the 
ortho  carbonate  (CuO^fGj  is  known. 

242.  mtratea.  —  CuO^NO^^  .  6  Hfi  when  crystallized  below  60% 
and  OaO^{NO^^  .ZH^O  when  crystallized  above  60%  a  deliqneeoent 
blue  salt.     A  gieen  basic  nitrate  has  the  symbol 

243.  Cvprlo  Phoaphate,  (CuO^^PO^,  is  obtained  on  adding  a 
solution  of  sodic  phosphate  to  a  solution  of  cupiio  sulphate. 

244.  Cnprlo  SUioata.     Dioptaae,  Ho,{OuO^YSiO. 

245.  Snlphidaa:  — 

Copper  Glance^  [^^s]'^ 

Govelline  (Indigo  Copper),  CuS 

Copper  Pyrites,  Fe^S^Ou 

Erobescite,  Fe^Sf{[Cu^S\Cu^ 

Tetiahedrite,  [C«J^5^, .  ZnS 

When  H^  is  passed  through  the  solution  of  a  copper  salt^  a  black 
precipitate  faUs  having  the  composition  Ou^^Ho^j  which  rapidly  oxi- 
diaas  in  the  air. 

246.  Flnohydrata  of  Copper.     C^irBbyF. 

247.  Chlorldaa. — Cuprous  Chloride,  [(7ii,]0^.  White  compound, 
insoluble  in  water,  crystallizes  in  tetrahedrons.  Cupric  Chloride, 
OuOl^.  2B^0,  crystalfizes  in  green  needles,  very  soluble  in  both 
water  and  alcohol  Cupric  Ozichloride,  (Ou^O^yCl^  .  4^0,  is  much 
used  as  a  paint  (Brunswick  green),  and  the  mineral  Atacamito  is  the 
same  compound,  with  only  one,  or  at  most  two,  molecules  of  B^O. 

248.  Cupric  Hydride.  OuB^.  —  A  brown  powder,  which  giyes, 
with  hydrochloric  acid,  the  following  remarkable  reaction : — 

Ouff^  +  (2  Wl  '^Aq)  =  {0uCl^'{-Aq)'^2  RK  [211] 

249.  Ammoniated  Compounds.  -^  When  a  solution  of  ammonia 
or  of  ammonic  carbonate  is  added  to  a  solution  of  a  salt  of  copper,  the 
light  green  precipitate  first  produced  readily  dissolves  in  an  excess  of 
the  reagent,  producing  a  deep  blue  solution ;  and  this  striking  colora- 
tion is  one  of  the  most  characteristic  tests  of  the  presence  of  copper. 
The  effects  are  caused  by  the  formation  of  certain  remarkable  com- 
pounds, in  which  a  portion  of  the  hydrogen  of  the  ammonia  appears 
to  have  been  replaced  by  copper.  The  following  are  a  few  ex- 
amples :  — 
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250.  CharaQterlstio  Reaotions  and  Uaea.  —  The  pieaenoe  of 
copper  in  a  solution  may  be  readily  detected,  not  only  by  ammonia 
as  indicated  above,  but  also  by  the  action  of  polished  iron  (a  needle, 
for  example),  which,  in  a  feebly  acid  solution,  soon  becomes  covered 
with  a  red  metallic  coating.  Copper  ores,  when  mixed  with  fluxes, 
are  readily  reduced  on  charcoal  before  the  blowpipe,  and  this  is  one  of 
the  best  means  of  recognizing  such  compounds. 

Besides  the  numerous  uses  of  the  metal  itself,  copper  is  employed  in 
the  arts  still  more  extensively  when  alloyed  with  other  metals.  The 
varieties  of  brass  and  yellow  metal  are  alloys  of  copper  and  zinc  in 
different  proportions,  while  bronze,  bell-metal,  gun-metal,  and  speculum- 
metal  are  all  essentially  alloys  of  copper  and  tin.  Several  of  the  com- 
pounds of  copper  are  much  used  as  paints. 

251.  BCBRCtTRT.  £1^  =  200.  —  Bivalent.  This  element  is  not 
widely  disseminated,  but  its  ores  are  abundant  in  a  &w  localities,  of 
which  the  most  noted  are  Idria  in  Austria,  Almad^i  in  Spain,  New 
Abnaden  in  California,  and  Huancavelica  in  Peru.  The  ores  at  all 
these  locaKties  consist  chiefly  of  Cinnabar,  HgS^  but  they  frequently 
contain  a  small  quantity  of  the  metal  in  the  native  state.  They  are 
easily  smelted,  the  stdphur  of  the  ore  serving  as  fuel.  The  assorted 
ores  are  arranged  in  layers  in  kilns  of  peculiar  construction,  and  the 
mass  kindled  with  brushwood.  As  the  sulphur  bums  away,  the  mer- 
cury is  volatilised,  and  the  products  thus  formed  are  passed  through 
earthen  pipes  ('*  aludels  ")  or  brick  chambers,  which  condense  the  mer- 
cury vapor,  while  the  SO^  gas  escapes  into  the  atmosphere. 

HgS^-OO^Hg^-SO^.  [212] 

In  the  Palatinate,  mercury  is  obtained  from  cinnabar  by  mixing  the 
ore  with  lime  and  distilling  in  iron  retorts. 

^HgS'^^GaO-ZCaS'\'CaSO^'\-^Hg.  [213] 

252.  MetalUo  Mercury.  Eg,  —  The  only  metal  liquid  at  ordinary 
temperature&  Freezes  at  —40°.  Boils  at  350°  and  evaporates,  but 
only  with  exceeding  slowness  at  the  ordinary  temperature.  Sfp.  Gr, 
of  liquid,  13.596.  Sp.  Gr.  of  vapor  by  experiment^  100.7.  Has  a 
brilliant  metallic  lustre,  silver-white  color.    In  solid  condition  is  malle- 
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able,  erystaUises  in  oetahedioD^  S^.  Or.  144.  In  contact  with  the 
air  poie  meicuiy  undergoes  no  change  at  the  ordinary  temperature,  but 
if  boiled  in  the  atmosphere  it  is  slowly  conyerted  into  IfgO.  Hydro- 
chloric acid  is  without  action  on  the  metal,  and  the  same  is  true  of 
dilute  sulphuric  acid.  Strong  sulphuric  acid,  however,  is  decomposed 
by  it  [151].  The  best  solyent  is  nitric  acid,  which  yields  different 
products  according  to  the  proportions  of  metal,  acid,  and  water  used. 
Chlorine,  bromine,  iodine,  and  sulphur  all  enter  into  direct  union  with 
mercury.  By  simple  trituration  the  liquid  metal  admits  of  being  me- 
chanically mixed  in  a  state  of  minute  subdivision  with  chalk,  and  with 
saccharine  or  oleaginous  substances,  and  many  important  pharmaceu- 
tical preparations  are  made  in  this  way,  —  blue-pilk,  mercurial  oint- 
ments, etc 

253.  Oaddaa  of  Merovry.  —  Mercurous  Oxide,  [ffg^]0.  Black 
powder,  very  unstable.  Decomposed  by  exposure  to  light  or  to  a  very 
gentle  heat  [^J^  =  J9^0  +  •£&•  Mercuric  oxide,  BgO.  Red 
crystalline  scales  or  yellow  powder,  according  to  mode  of  preparation^ 
Stable  compound,  but  decomposed  at  red  heat  into  mercury  and  oxy- 
gen [IH].  No  corresponding  hydrates  are  known,  but  both  oxides 
form  stable  salts. 

254.  nitrates.  —  Mercurous  nitrate  is  obtained  by  dissolving  me* 
tallic  mercury  in  an  excess  of  nitric  acid  diluted  with  four  or  five 
times  its  bulk  of  water.  Mercuric  nitrate  is  best  obtained  by  dissolv- 
ing mercuric  oxide  in  an  excess  of  nitric  acid.  These,  like  other  salts 
of  mercury,  tend  to  form  basic  compounds. 

Meicurous  Nitiate,         [jffgj^ 0^'N^ 0^.2B^0 
Dimercurous  Kitrate^      ([^i>  0{J^9i])'  ^t'^  0^ 
Trimercurous  Dinitrate, 

Mercuric  Nitrate,  ffg- O^'N^ 0^.2H^0 

Dimercuric  Nitrate,         {Eg- O-HgY O^-N^O^ .  2  Zr,0 
Trimercuric  Nitrate,        (Jig- OHg- OHgY O^'N^ O^.H^O 

A  solution  of  mercurous  nitrate  with  caustic  soda  gives  a  black  pre* 
cipitate  of  mercurous  oxide. 

(l^9fy Of y,0,  +  2  NarOH^  Aq)  = 

[Hg;\0'\'{2Nar<hS0t^H^0^'Aq).    [214] 


n 
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A  solution  of  metcuric  nitrate  with  oaostic  soda  giyes  a  jeOow  pre- 
cipitate of  mercuric  oxide. 

HgO  +  (2  NarO-NO^  +  ff^O  +  Aq).    [215] 

Meicuious  nittate,  if  heated^  is  converted  into  the  red  crystalline 
variety  of  mercuric  oxide. 

[^i>0,-iVr,04  =  2BgO  +  2  NO^.  [216] 

255.  Sulpliates.  —  When  mercury  is  gently  heated  with  an  excess 
of  strong  sulphuric  acid,  Mercurous  Sulphate,  [•^ij'Os'^Oy  ^  formed ; 
but  if  the  heat  be  increased,  and  the  evaporation  carried  to  dryness,  the 
first  product  is  changed  into  Mercuric  Sulphate,  Hg^O^SO^^  which  is 
a  white  crystalline  powder,  readily  dissolving  in  a  solution  of  common 
salt,  but  decomposed  by  pure  water  into  a  soluble  acid  and  an  insohi- 
ble  basic  salt.  The  last  is  known  as  Turpeth-MineraL  It  has  a  yellow 
color,  and  its  composition  is  expressed  by  the  symbol, 

{Hg-OHg-OHgyO^-SOt. 

Mercurous  sulphate  is  also  prepared  for  the  manufacture  of  calomel  by 
triturating  together  mercuric  sulphate  with  a  quantity  of  mercury  equal 
to  that  which  it  already  contains. 

256.  Snlphidea.  —  Mercurous  Sulphide,  [Hg^S,  obtamed  as  a  black 
precipitate  on  passing  H^  gas  through  the  solution  of  a  mercurous 
salt.  Very  unstable,  like  the  corresponding  oxide.  Mercuric  Sulphide 
(Vermilion,  Cinnabar),  HgS^  is  precipitated  by  the  same  reagent  from 
the  solution  of  a  mercuric  salt  But  when  the  reagent  is  not  in  excess, 
and  especially  if  the  solution  is  concentrated,  the  precipitate  contains 
chlorosulphide  of  mercury  in  varying  proportions,  and  has  accordingly 
difTerent  shades  of  color,  from  white  through  reddish  brown  to  black. 
The  pure  precipitated  HgS  is  black,  but  when  sublimed  the  substance 
acquires  the  peculiar  vermilion  tint  Vermilion  is  usually  prepared  by 
rubbing  together  mercury  and  sulphur,  and  subliming  the  black  pro- 
duct Crystals  are  frequently  thus  obtained  identical  in  form  with 
those  of  natural  cinnabar  (§  107), 

257.  Chlorides.  —  Mercurous  Chloride  (Calomel),  [Hg^Clt,  may  be 
obtained  either  as  a  white  powder  or  in  crystals  (§  106), — 

1st  By  subliming  a  mixture  of  mercuric  chloride  and  mercury, 

HgCh  +  Hg^  [HgiiClt.  .  [217] 


\ 
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2cL  By  sabliming  a  mixture  of  meicuzouB  sulphate  and  common  aalt^ 
[Bg;\SO^  +  2  NaCl  =  -»a^0,  +  [J5&J(7^.  [218] 

3<L  By  precipitation  from  a  eolation  of  mercaions  nitmte^ 
([J5&J-»iOe  +  2  NaCl  +  Aq)  =  [iT^JCT,  +  (2  IfdNO^  +  Aq).    [219] 

Calomel  is  insoluble  in  water,  alcohol,  and  ether.  The  8p.  6r.  of 
its  vapor  is  only  one  half  of  that  which  the  theory  would  require,  — 
an  anomaly  which  is  explained  as  an  effect  of  dissociation.  Sublimes 
below  a  red  heat  without  melting.  When  triturated  with  a  solution  of 
soda  or  potash,  it  is  turned  black,  owing  to  the  formation  of  [Bg^  0, 
and  when  heated  with  alkaline  chlorides  it  is  converted  into  HgCl^. 
In  the  presence  of  organic  matter,  adds,  and  air,  this  last  change  may 
take  place,  to  some  extent  at  least,  at  a  temperature  of  38^  or  40^. 
Calomel  is  an  invaluable  medicine.  It  was  first  prepared  by  rubbing 
together  in  a  mortar  Hg  +  HgClf^  but  this  product,  although  having 
all  the  medicinal  properties  of  the  white  sublimate,  had  a  brilliant 
black  color,  whence  the  name,  from  icoXos  /tcXas. 

258.  Marourio  Chloride  (Coxroaive  SttbUmate).  HgCl^  —  Crys- 
talline (§  108)  white  solid,  melting  at  265"",  boiling  at  293^  and  yield- 
ing a  vapor  whose  Sp.  Gr.  (141.5)  conforms  very  nearly  to  the  theory. 
Soluble  in  water,  alcohol,  and  ether.  Forms  salts  with  the  alkaline 
chlorides,  as  2  NaOl.  ffgClf.  May  be  prepared  by  subliming  a  mix- 
ture of  mercuric  sulphate  and  common  salt,  but  adding  a  small  amount 
of  Mn  0^  to  the  mixture  to  prevent  the  formation  of  calomeL  Also 
formed  when  mercury  is  burnt  in  chlorine  gas.  Acts  as  a  violent  poi- 
son. Coagulates  albumen,  and  forms  with  it,  as  well  as  with  other 
albuminoid  substances,  stable  compounds  insoluble  in  water.  Used  for 
preserving  wood,  dried  plants,  and  other  objects  of  natural  history 
from  decay,  and  this  effect  appears  to  be  due  in  part  to  its  peculiar 
action  on  albuminoid  compounds.  It  is  also  a  valuable  reagent,  and 
is  used  to  prepare  other  anhydrous  chlorides. 

Mercury  forms,  like  copper,  a  large  number  of  oxichlorides.  It  also 
combines  with  the  other  members  of  the  chlorine  group  of  elements. 
Among  these  compounds  the  most  interesting  is  the  iodide,  BgJtf 
which  affects  two  different  crystalline  forms  distinguished  also  by 
striking  differences  of  color.     As  obtained  by  precipitation, 

(ffgClt  +2KI+Aq)^  HgU  +  (2  KCl  +  ^j),        [220] 
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it  appears  as  a  oxTitalliiie  red  powdei  (f  106).  Tbia  ivben  heated 
changes  its  ciystalline  condition  (§  108)  and  becomes  yellow,  but  the 
yellow  variety  is  changed  back  to  the  red  by  mere  friction. 

259.  AmmonUtad  Componnda. — The  compoonds  of  mercmy, 
when  acted  on  by  ammonia  or  by  ammonium  salts,  yield  a  large 
number  of  complex  products.  Among  these  the  most  remarkable  is 
a  powerful  base  called  Mercuramine,  which  is  formed  by  the  action  of 
aqua  ammonia  upon  yellow  precipitated  oxide  of  mercury.  There  is  a 
difference  of  opinion  in  regard  to  the  arrangement  of  the  atoms  in  this 
compound,  but  the  most  probable  symbol  is 

{Hg,{HgOH),B^NyO-H.H^O. 

The  hydrate  absorbs  00^  from  the  air,  and  forms  definite  salts  with 
all  the  common  acids.  This  compound  is  unstable ;  but  when  heated, 
two  molecules  of  the  hydrate  give  up  three  molecules  of  water,  and 
there  is  left  a  dark  brown  product  permanent  in  the  air,  whose  sjrmbol 
may  be  represented  after  the  type  \H^N\0»  The  following  are  the 
symbols  of  a  few  only  of  the  many  mercurial  compounds  of  this  class :  — 

H^  HfNi{ng^  Formed  by  the  action  of  ammonia  gas  on  pre- 

cipitated calomel 

H^\Hg^Nf\Hg^        Black  compound,  formed  from  calomel  by  ac- 
tion of  aqua  ammonia. 

{H^  H^  H^fHg)Glt  "  White  Precipitate,"  formed  by  adding  to  aqua 

ammonia  a  solution  of  HgCl^. 

{H^H^H^NfHgyClt  "  Soluble  White  Precipitate." 

260.  Charaotexiatlo  Reaotlona  and  Uaea.  —  The  salts  of  mercury, 
whether  soluble  or  insoluble,  are  all  reduced  to  the  metallic  state  by  a 
solution  of  stannous  chloride.  Any  of  the  salts  heated  in  a  closed 
tube  with  sodic  carbonate  give  a  sublimate  of  minute  globules  of  mer- 
cury. From  solutions  of  its  salts  mercury  is  deposited  as  a  gray  film 
on  metallic  copper,  and  if  short  lengths  of  copper  wire  thus  coat^  and 
carefully  dried  be  heated  in  a  closed  tube,  the  sublimate  is  obtained  as 
before. 

The  chief  consumption  of  metallic  mercury  is  in  the  treatment  of 
gold  ores.  It  is  also  used  for  sUvenng  mirrors,  for  making  various 
philosophical  instruments,  and  for  other  purposes  in  the  arts.  Large 
quantities  are  consumed  in  preparing  its  various  compounds,  and  these 
are  among  the  most  important  articles  of  the  materia  medica. 
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QUESnONB  AITD  PBOBLEMB. 

1.  Write  the  reaction  of  boiling  sulphuric  acid  on  copper. 

2.  Write  the  reaction  of  nitric  acid  on  copper, —  let,  aiwuming  that  NO 
is  the  aeiifonn  product ;  2d,  that  it  is  N/), 

d.  Write  the  reaction  which  takes  place  when  cupric  nitrate  is  decomposed 
by  heat. 

4.  Why  does  not  concentrated  nitric  add  act  on  copper  ? 

5.  Represent  the  constitution  of  the  hydrate  4[(}u2']0 .  H'^O.  How  may 
it  be  rei^uded  as  related  to  the  normal  hydrate  [Ou^Ho^l 

Ans.  It  equals  4  [Ou^Ho^  —  3  Hfi, 

6.  How  may  anhydrous  cupric  sulphate  be  used  to  detect  the  presence  of 
moisture? 

7.  In  what  other  way  may  the  symbols  of  the  different  basic  sulphates  be 
written? 

Ans.  The  symbol  of  Brochantite  may  be  written  (0i*-0-C?i*-0-0i»-0-0i*)- 
0^'SO^ .  3  H/)y  and  the  others  in  a  similar  way. 

8.  How  may  the  symbols  of  the  basic  sulphates  be  derived  from  the  hy- 
drates? 

Ans.  Disregarding  the  water  of  crystallization,  we  may  regard  Brochantite 
SB  formed  horn  the  condensed  hydrate  4  (M)^H^  by  first  eliminat- 
ing 3  H^O  and  then  rqilacing  the  remaining  H^  by  SO^, 

9.  If  the  symbol  of  Brochantite  is  written  as  in  the  text,  to  what  order  of 
sulphates  does  it  belong  ?  Ana.  Orthosulphates. 

10.  Show  by  graphic  symbols  that  the  radical  OuO^H  must  be  uniyalent. 

11.  Bepresoit  by  graphic  symbols  the  composition  of  Malachite  and 
Azurite. 

12.  Both  Malachite  and  Azurite  may  be  regarded  as  formed  by  the  molec- 
ular union  of  cupric  hydrate  and  cupric  carbonate.  Write  the  symbols  on 
this  theory. 

13.  Malachite  is  how  related  to  cupric  hydrate? 

Ans.  It  may  be  regarded  as  the  hydrate  doubly  condensed  with  two  of 
the  hydrogen  atoms  replaced  by  CO  thus :  CufO^COfi^  or 
CM)fCO»Ow^^*H^.  Symbol  of  Azurite  in  the  same  way  be- 
comes Ou^OJ(CO\^„  or  2CM),-C0.CM)^fl;. 
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14.  To  what  order  of  carbonates  does  Mjsorin  belong  ? 

16.  In  what  other  ways  may  the  symbol  of  the  cnpric  nitrates  be  written? 
Ans.  CuFO,«(i\rO,),  and  CufOjiNO^H^,  or  OiifO^-(NO^,H .Ow^Oi^H^. 

16.  Write  the  symbol  of  Dioptase  in  the  same  typical  form. 

Ans.  H^OvsOfSi, 

17.  To  what  order  of  silicates  may  Dioptase  be  referred  ? 

Ans.  Orthosilicates. 

-18.  Write  the  reaction  of  a  solution  of  sodic  phosphate  on  a  solution  of 
cupric  sulphate. 

19.  Represent  the  constitution  of  the  various  sulphides  of  copper  by 
graphic  symbols. 

20.  In  what  relation  does  the  fluohydrate  of  copper  stand  to  the  hydrate 
and  fluoride  of  the  same  metal  ? 

Ans.  It  holds  an  intermediate  position,  as  shown  by  the  symbols  Ou^Ho^ 
Cu^Ho^F,  and  OitF,. 

21.  Regarding  the  molecule  of  water  in  the  common  variety  of  Atacamite 
as  water  of  constitution,  how  may  the  formula  of  this  mineral  be  simplified? 

Ans.  It  may  be  halved  and  written  {Ou-O-CuyHoyCL 

22.  How  is  Atacamite  related  to  cupric  hydrate? 

Ans.  2  Ou^Ho^  =  (Cht-O-CuyHo^  +  H^O,  then  replacing  one  atom  of  Ho 
in  the  condensed  hydrate  by  CI, 

23.  What  do  you  find  that  is  remarkable  in  the  reaction  of  cupric  hydride 
on  hydrochloric  acid  f  Compare  it  with  reaction  [121],  and  consider  whether 
it  indicates  a  diflference  of  condition  in  hydrogen  similar  to  that  in  oxygen. 

24.  Write  the  symbols  of  the  ammonio-compounds  of  copper  in  a  graphic 
form. 

25.  What  evidence  can  you  find  that  a  portion  of  the  nitrogen  atoms  in 
two  of  the  compounds  stand  in  a  different  rektion  to  the  molecule  from  the 
others  ? 

Ans.  If  the  nitrogen  atoms  were  all  alike,  we  should  expect  the  basic 
radicals  to  fix  more  than  the  equivalent  of  two  univalent  acid 
radicals. 

26.  Write  the  83rmbols  of  the  hydrates  which  correspond  to  the  different 
basic  nitrates  of  mercury,  and  show  how  such  condensed  hydrates  may  be 
derived  from  the  assumed  normal  hydrates. 

27.  How  is  it  possible  that  salts  should  exist  conesponding  to  hydrates 
that  cannot  be  isolated  ? 
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28.  Show  how  turpeth-mineial  may  be  derived  from  an  assumed  normal 
hydiate. 

29.  How  would  you  seek  to  detennine  whether  the  black  product  obtained 
by  grinding  together  Hg  -{'  S  iba  mixture  or  a  compound  ? 

30.  By  experiment  it  appears  that  the  specific  gravity  of  calomel  vapor  is 
118.6.  What  should  it  be  theoretically  ?  Into  what  is  it  probably  decom- 
posed when  heated  ?  Ans.  235.6  ;  Hg  and  EgCl^. 

31.  In  administering  calomel  aa  medicine,  what  associations  with  other 
drugs  should  be  avoided? 

32.  How  may  calomel  be  distinguished  from  conosive  sublimate  ? 

33.  What  is  the  theoretical  Sp.  Gr.  of  Hg(\,  and  why  should  you  antici- 
pate so  great  a  difference  between  it  and  the  experimental  result? 

Ans.  136JS.    In  such  a  dense  vapor  the  deviation  from  Mariotte's  law 
would  probably  be  large. 

34.  Write  the  reaction  which  takes  place  when  a  mixture  of  mercuric 
sulphate  and  common  salt  is  sublimed. 

36.  In  cases  of  poisoning  by  corrosive  sublimate,  why  should  milk  or  the 
white  of  ^[gs  be  useful  as  temporary  antidotes^  until  the  stomach  can  be 
emptied  by  an  emetic  or  otherwise? 

36.  Write  the  symbols  of  the  chloride,  nitrate,  sulphate,  and  carbonate  of 
mercuramine. 

37.  Write  the  symbol  of  the  oxide  of  mercuramine  described  above. 

38.  Represent  by  symbols  the  consdtation  of  the  different  ammoni 
compounds  of  mercury. 


368  NICKEL.  [f  961. 


DIVISION  xm. 

26L  JNICJUKL.  M  =  58.8.  —  Quantivalenoe  nsoally  two.  One 
of  the  less  abundant  metallic  elements.    The  chief  native  compounds 

are 

BreithauptitOy  Hexagonal,        -^Vt^s] 

Kupfemickel,  Hexagonal,        I^ij{^Ai^] 
Chloanthite  (Nickelif- 

eroas  Smaltine),  Isometric^  N^As^ 

Nickel  Glance,  Isometric,  ^^[S^^lAsJl 

Bammelsbeigite,  Orthorhombic,  Nt^As^] 

Millerite,  Hexagonal,  Ni'S 

Bunsenite,  Isometric,  lfv*0 

Nickel  Vitriol,  Monodinio,  M'  0^'SO^ .  7  ff^O 
Annabergite  (Nickel 

gieen),  Monodinic,  IfifO^A$0\  .  S  ff^O 

£menld  Nickel  (Zaz^tite),  .  Ni^OJiCO,If^ .  4 H^O 

G«ithite,  [^»,i^^]4^ OgtiaS^O,  •  6  J5^0 

The  metal  is  obtained  chieflj  from  a  nickeliferous  iron  pyrites  (mag- 
netic variety),  which  only  contains  the  element  as  an  accessory  con- 
stituent. The  native  arsenides,  and  an  impure  regulus  (called  9peis») 
formed  in  the  preparation  of  smalt,  are  the  other  sources  of  the  nickel 
of  commerce.  The  process  of  extracting  the  metal  is  complicated 
and  tedious.  It  consists  in  loastixig  the  ore,  dissolving  the  resulting 
oxides  in  acid,  and  precipitating  first  the  associated  metals,  and 
afterwards  the  nickel,  by  appropriate  reagents.  The  chief  difficulty 
ia  to  separate  from  the  nickel  the  more  valuable  cobalt,  with  which 
nickel  is  almost  invariably  associated,  and  to  which  it  is  very  closely 
allied. 

Metallic  nickel,  Sp.  Or,  8.82,  has  a  silver-white  color,  a  brilliant 
metallic  lustre,  and  does  not  tarnish  when  exposed  to  the  atmos- 
phere. It  has  great  tenacity  and  malleability,  and,  were  it  more  abuu- 
dant,  would  rival  even  iron  in  the  number  of  its  applications  in  the 
useful  arts.  Nickel  resembles  iron  in  many  of  its  qualities.  When 
pure,  it  is  nearly  as  infusible  as  wrought  iron,  and  may  be  forged  in  a 
similar  way.  When  combined  with  a  small  amount  of  carbon,  it  may, 
like  caU  iron,  be  fused  in  an  ordinary  wind  furnace.    Nickel  is  also. 
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like  iron,  susceptible  of  magnetisini  bat  the  magnetic  power  is  less 
marked,  and,  when  heated,  it  loses  this  yirtne  at  a  much  lower  tem- 
perature. Moreover,  like  iron,  nickel  is  soluble  in  dilute  sulphuric  or 
hydrochloric  acids,  with  evolution  of  hydrogen  gas ;  but  the  action  is 
less  energetic,  and  the  metal  dissolves  only  slowly.  The  best  solvents 
are  nitric  acid  and  aqua  regia.  Mckel  forms  with  copper  a  brilliant 
white,  hard,  tenacious,  malleable  alloy,  and  a  small  amount  of  nickel 
will  whiten  a  large  body  of  copper.  This  alloy  is  much  used  for 
coinage,  and  as  the  basis  of  the  better  kinds  of  electrotype  plate.  Ger- 
man silver  is  an  alloy  of  copper,  zinc,  and  nickel,  in  about  ihe  pro- 
portion of  5  : 3 : 2.  Nickel  may  also  be  alloyed  with  iron,  and  is  a 
constant  constituent  of  the  metallic  meteorites.  Nickel  readily  com- 
bines with  each  of  the  members  of  the  chlorine  group  of  elements,  but 
only  in  one  proportion,  and  the  compounds  thus  formed,  I^iFf^  NiCl^f 
dMX,  are  all  soluble  in  water. 

There  are  two  oxides  of  nickel.  The  protoxide,  NiO^  is  an  olive- 
green  powder,  readily  obtained  by  igniting  either  the  nitrate  or  the 
carbonate  of  the  metaL  It  is  a  basic  anhydride,  dissolving  readily 
in  the  mineral  acids,  and  forming  the  ordinary  nickel  salts,  in  all  of 
which  Ni  acta  a*  a  bivalent  radical  The  sesquioxide,  Nifi^^  is  a 
black  powder,  also  obtained  by  igniting  the  nitrate,  but  at  a  lower 
temperature.  It  is  an  unstable  compound,  and,  when  heated,  is  re- 
solved into  the  lower  oxide  and  oxygen  gas.  It  is  not  a  basic  anhy- 
dride, and,*  when  heated  with  the  mineral  acids,  one  third  of  the 
oxygen  is  given  off  as  before,  and  a  salt  of  the  ordinary  type  is  the 

result.     In  the  sesquioxide,  jV!  is  a  quadrivalent,  but  the  double  atom 
rv   rv 

[JVi^],  or  ^Ni-my  (i  35),  acts  ob  a  sexivalent  radical.    The  tendency  to 
form  radicals  of  this  last  type,  which  is  only  foreshadowed  in  nickel, 
becomes  a  striking  character  in  the  elements  which  follow  in  our 
classification. 
Of  the  crystallized  soluble  salts  of  nickel,  the  most  common  are 

Nickelous  Chloride,  MCl^  .  9  J7, 0 

Nickelous  Nitrate,  iW-  0,-(iV»,), .  6  H^O 

Nickelous  Sulphate,  2f%,n^^  0^0  .  6  Hfi 

Dipotassio-nickelous  Sulphate,  Nt,K^'0^»{SOf\  .6B^0 

The  salts  of  nickel,  both  when  crystallized  and  when  in  solution, 
have  a  characteristic  green  color;  but,  when  rendered  anhydrous  by 
heat,  this  color  changes  to  yellow.    From  their  solutions  the  fixed 
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alkalies  precipitate  a  hydzate,  and  the  alkaline  caibonates  a  basic  ear* 
bonate,  of  nickel,  both  forming  pale  green  precipitatea.  The  first  is 
probably  the  definite  compound  Nt'O^H^ ;  but  the  composition  of  the 
second  varies  with  the  temperatore,  strength,  and  proportions  of  the 
solutions  employed,  and  the  product  is  closely  analogous  to  the  pre- 
cipitates, which  are  obtained  under  similar  conditions  from  solutions 
of  the  salts  of  magnesium  or  ana 

The  salts  of  nickel  readily  combine  both  with  anunonia  and  with  the 
ammonium  salts.  A  large  number  of  products  may  thus  be  formed, 
which  are  easily  soluble  in  water.  The  following  crystalline  com- 
pounds,  which  indirectly  play  an  important  part  in  some  of  the 
methods  of  qualitative  analysis,  wUl  serve  as  types  of  two  different 
classes  of  such  compounds :  — 

From  solutions  of  such  ammoniacal  compounds,  and  from  other 
alkaline  solutions  containing  nickel,  the  metal  is  precipitated  as 
[Ni^O^^j  both  by  chlorine  gas  and  by  the  alkaline  hypochlorites. 
The  precipitate  has  an  intense  black  color,  and  this  reaction  is  one  of 
the  most  delicate  tests  for  nickel,  but  does  not  distinguish  it  from 
cobalt  Nickel  is  also  precipitated  from  alkaline  solutions  by  H^S^  or 
by  alkaline  sulphides.  The  black  precipitate  thus  obtained  {NiS .  Aq) 
contains  an  indefinite  amount  of  water.  It  is  insoluble  in  the  dilute 
mineral  acids,  although  in  acid  solutions  of  nickel  salts  H^S  gives  no 
precipitate.  Two  other  sulphides  of  the  element,  Ni^S  and'  NiS^^ 
have  been  described. 

262.  COBALT.  Co  =  58.8.  —  Quantivalence  usually  two.  Asso- 
ciated with  nickel  in  the  same  ores,  but  less  abundantly  distributed. 
Most  of  the  minerals  enumerated  in  the  last  section  contain  cobalt. 
When,  however,  this  metal  preponderates,  they  are  in  most  cases 
classed  as  separate  mineral  species,  and  receive  distinct  names.  No 
cobalt  mineral  corresponding  to  Kupfemickel  or  Breithauptite  has  been 
found,  but  we  have 

Smaltine,  Isometric,  Ci/^At^ 

CobaltinC)  Isometric,  CoE[^,[il<s}] 

Linnseite,  Isometric,  Co^S^ 

Glaucodot,  Orthorhombic,  C€^S^y\^As^ 

Syepoorite,  CcfS 

Cobalt  Vitriol,  Monodinic,  C<jfO^SO^  .1  H^O 

Eryihrite  (Cobalt  Bloom),    Monoclinic,  Co^O^AiO\.SB/> 
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•To  these  musk  be  added  animpuie  03cide  of  cobalt  (Earthy  Co- 
balt),  and  a  mineral  called  Remingtonite,  which  probably  correspondB 
to  Emerald  KickeL  '  There  is  a  Taiiety  of  linnnite,  called  Siegenite, 
which  contains  a  large  proportion  of  nickel ;  but  no  purely  niokelilerous 
compound  of  this  type  is  known. 

In  all  their  chemical  relations,  the  two  metals  here  associated  resem- 
ble each  other  so  closely,  that  the  description  of  nickel  given  above 
applies  almost  word  for  word  to  cobalt,  and  it  is  only  necessary  to 
indicate  further  the  points  of  difference. 

Metallic  cobalt  rusts  more  readily  than  nickel,  but  less  readily  than 
iron.  It  IB  magnetic,  and  possesses  valuable  qualities,  but  is  so  cosily 
that  it  has  received  no  application  in  the  arts. 

Cobalt  forms  but  one  stable  compound  with  any  one  of  the  members 
of  the  chlorine  group  of  elements,  CoClff  &c ;  but  by  dissolving  Co^O^ 
in  hydrochloric  add  a  red  solution  is  obtained,  which  is  supposed  to 
contain  COfCl^,  The  compound,  however,  is  very  unstable,  for  the 
solution  evolves  chlorine  on  the  slightest  elevation  of  temperature. 

There  are  three  well-marked  oxides  of  cobalt:  Cobaltous  Oxide, 
CoO;  CobaltiC'Oxide,  Co^O^;  Cobaltous-oobaltic  Oxide,  Oo^O^;  and, 
besides  these^  several  others  have  been  distinguished,  which  are  prob- 
ably either  mixtures  or  molecular  aggregates  of  the  first  two.  Not 
only  is  (7oO  a  strong  basic  anhydride,  like  NiO,  but  OofO^  also  dis- 
solves in  acids,  especially  in  acetic  acid,  forming  salts.  We  have, 
therefore,  to  distinguish  between  cobaltous  and  oobaltic  salts ;  but  the 
last  are  very  unstable  and  little  known. 

The  ordinary  cobaltous  salts,  when  crystallized,  are  red,  but  are 
usually  liLuHX>lored  when  anhydrous,  and  the  pink  solutions,  which 
they  yield  with  water,  become  blue  when  concentrated.  On  this 
change  of  color  depends  the  virtue  of  certain  sympathetic  inks.  From 
solutions  of  these  salts,  potassio  or  sodic  hydrate  precipitates  CcfO^H^^ 
which  has  a  delicate  rose-color.  The  pale  bine  precipitate,  which  gen- 
erally falls  first,  is  a  basic  salt  of  cobalt ;  but  if  warmed  with  an  excess 
of  the  reagent,  it  soon  acquires  the  composition  and  color  of  the  nor- 
mal hydrate.  If  exposed  to  the  air  this  hydrate  absorbs  oxygen 
rapidly,  and  changes  to  a  dingy  green  color.  The  black  precipitate  ob- 
tained by  the  action  of  chlorine  or  the  hypochlorites  on  alkaline  solu- 
tions containing  cobalt  is  the  second  anhydride  of  this  hydrate,  or 
0^\Co^O^H^,  The  same  compound  is  formed  when  chlorine  gas  is 
passed  through  water  or  a  solution  of  caustic  potash  holding  cobaltous 
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bjdiate  in  siupeDsion.  When  the  alkali  is  iiaed,  the  whole  of  the 
hjdiate  is  converted  into  the  cobaltic  compound ;  but  with  pore  water 
only  two  thirds  as  much  are  obtained.  The  compound  of  nickel 
formed  under,  the  same  conditions  is  supposed  to  be  the  normal  nick- 
elic  hydrate. 

The  tendency  to  form  soluble  compounds  with  ammonia  and  with 
the  ammonium  salts,  manifested  by  nickel,  appears  again  and  more 
prominently  in  the  allied  element  cobalt  Moreoyer,  there  are  cobaltic 
as  well  as  cobaltous  compounds  of  this  class,  and  the  last  tend  to  pass 
into  the  first  by  absorbing  oxygen  when  exposed  to  the  air.  The 
number  of  these  compounds  is  yery  numerous.  They  haye  a  yery 
complex  constitution,  and  in  many  cases  at  least  are  probably  formed 
on  the  ammonia  type.  We  may  regard  them  as  compounds  of  am- 
monio-cobalt  bases,  to  seyeral  of  which  distinctive  names  have  been 
given.  The  following  scheme  exhibits  the  relations  of  the  more  im- 
portant compounds : — 

CobaUoui  Compounds. 

coR.iifH^,  coS.cjra;. 

CobaUie  Compaundt, 
n 
[C'o^l^s  •  ^^^  FuscoHX)baltic  salts. 

[Co,]^,  .  lOJyZ!^  Boseo  or  Purpureo-cobaltic  salts. 

[(7o|]^3  .  12NJE^  LuteoKM>baltic  salt& 

n 

In  the  above  symbols  B  stands  for  a  bivalent  acid  radical,  like 

(iSOJ,  (CO,),  (CM  0^  C'/„  (J^Oa)f,  &c  Substituting  these  in  the 
general  symbol,  we  obtain  the  specific  symbols  of  the  various  salts  of 
the  assumed  bases ;  but  in  most  cases  the  crystallized  salt  contains  in 
addition  one  or  more  molecules  of  water,  which  frequently  play  an 
important  part  in  its  constitution,  and  determine  marked  diiferences  of 
qualities,  as  in  the  following  typical  compounds :  — - 

PurpureoHJobaltic  Chloride,     [(7o|]CT,  .  10  NH^ 
BoseoKX)baltic  Chloride,         lCo^']CU  .  10  Nff^  .  2  J7,0 
XanthoH5obaltic  Chloride,       [Co^jCTj .  10  Nff^ .  N^O^  .  B^O 

Cobaltous  oxide  combines  with  many  of  the  basic,  as  well  as  with 
the  acid  anhydrides,  yielding  in  several  cases  compounds  distinguished 
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by  great  brilliancy  of  coloring.  Tbo  compound  with  [AQ  0^  is  known 
as  Th^nard's  blue ;  that  with  ZnO^  as  Binman's  green.  Such  com- 
pounds are  formed  when  the  metallic  oxides,  moistened  with  a  solution 
of  cobaltous  nitrate,  are  heated  before  the  blowpipe,  and  the  produc- 
tion of  the  color  is  one  of  the  most  characteristic  blowpipe  reactions. 

Cobaltous  oxide,  when  melted  into  glass  or  into  the  glaze  of  earthen- 
ware, imparts  to  the  material  an  intense  blue  color,  and  the  brilliancy 
and  the  depth  of  the  color  render  the  oxide  one  of  the  most  valuable 
Titrifiable  pigments,  and  this  is  its  chief  use  in  the  arts.  The  blue 
pigment  called  smalt^  used  for  coloring  paper  and  dressing  white 
calicoes,  is  a  pulverized  alkaline  glass  strongly  colored  with  the  oxide. 

Cobalt  is  distinguished  by  the  same  reactions  as  nickel  from  all 
other  metallic  radicals.  From  nickel  it  is  distinguished,  —  First,  by 
the  blue  color  which  the  oxide  gives  to  bOrax  glass.  Secondly,  by  the 
£Bkct  that  potassic  nitrite  precipitates  *  the  cobalt  from  nitric  or  acetic 
acid  solutions,  while  it  does  not  precipitate  nickel  Thirdly,  by  the 
circumstance  that  cyanide  of  cobalt  forms,  when  boiled  with  a  solution 
of  potassic  cyanide  in  contact  with  the  air,  a  compound  corresponding 
to  potassic  ferricyanide.  The  solution  of  potassic  cobalticyanide  thus 
formed  is  not  decomposed  by  ^0  nor  by  alkaline  hypochlorites,  while 
from  the  solution  of  the  cyanide  of  nickel  and  potassium,  formed 
under  the  same  circumstances,  all  the  nickel  is  precipitated  by  the 
same  reagents. 

CoO  +  (2  £r-o!ar-f  Aq)  =  co^cn),  +  (ir,o  -h  Aq).    [221] 

4C<KCN),  -f-  (12  JT-C^-h  4  H-CN^'Aq)  -f-  ®=®  = 

(2  KfiC^uCo^  +  2  J7,0  -h  Aq).       [222] 

NiO  +  (4  Jr-C^+  iS^O  +  -4y)  = 

(2  KCir.  m'(CIi'\  -f-  2  JT-  0-ff+  Aq).      [223] 

HgO  + (2jr-car.  iviv((2y),-h  ff,o+iij)  = 

NiO,«H,  +  (2  JT-Cy .  HgiCN)^  +  Aq).      [224] 
*  Compodtion  of  precipitate  acoordiog  to  S.  P.  Sadtler, 
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QUESnON B  AJBfD  FBOBLEMB. 

I.  Bepreseat  hj  giaphio  qnnbob  the  oonstitation  of  Xnpfeniickel  and 
Ghloanthite. 

S.  In  the  symbol  of  Nickel  Glance^  in  what  relation  doea  the  sulphur 
stand  to  the  axaenic  1  Coold  these  elements  zepkoe  each  other  by  single 
atomsl 

3.  What  is  the  distinction  between  Chloanthite  and  Rammelsbergite  1 
Does  the  same  distinction  reappear  tn  the  coiresponding  compound  of  either 
of  the  allied  elements  ? 

4  Haye  an  j  ilEicts  been  stated  which  prove  that  nickel  is  sometimes  quad- 
riTslentl 

5.  Represent  bj  a  graphic  symbol  the  constitution  of  nickelous  sulphate. 

s 

6.  Write  the  reaction  of  sulphuric  acid,  and  also  of  hydrochloric  add,  on 

7.  Point  out  the  analogies  between  nickel  and  zinc. 

8.  The  precipitate  first  fonned  by  ammonia  or  ammonic  carbonate  in 
solutions  of  the  salts  of  nickel  zediBsolves  in  an  excess  of  the  reagent,  and 
does  not  foim  at  all  when  a  large  amount  of  ammonic  chloride  is  present 
How  do  you  explain  these  leactions  1 

9.  In  the  native  compounds  of  cobalt  tins  element  is  more  or  less  replaced 
by  iron  and  nickel  Write  the  symbols  of  Smaltine  and  Cobaltine  so  as  to 
indicate  this  fact. 

10.  Represent  by  graphic  symbols  the  constitution  of  LinnsBite,  and  also 
that  of  Co^S^  and  (7o5|,  the  only  other  sulphides  not  mentioned  in  the  text 

II.  Represent  by  graphic  symbols  the  constitution  of  the  following  oxides 
and  oxysulphideSy  Co^O^,  Clo%0^$  CoiQS. 

12.  In  what  respects  do  the  oxides  and  sulphides  of  cobalt  differ  from 
those  of  nickel  ? 

13.  Write  the  reaction  of  chlorine  gas  on  cobaltous  hydrate,  first,  when 
suspended  in  water,  and,  secondly,  when  suspended  in  a  solution  of  caustic 
potash.  Write  also  the  corresponding  reactions  which  take  place  when 
hydrate  of  nickel  is  similarly  treated. 

14.  Represent  the  composition  of  the  ammonio-cobalt  salts  by  typical 
symbols. 
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16.  In  potaaric  cobalticjanide  what  is  the  quantivalence  of  cobalt  t  Do 
the  cobalt  atoms  change  their  atomioitjr  in  [222]  1 

16.  Analyze  reactions  [221]  to  [224],  and  show  that  the  diiferences  in  the 
relations  of  cobalt  and  nickel  to  the  alkaline  cyanides  depend  on  differences 
in  the  atomic  relations  of  the  two  elements.  What  part  does  the  oxygen  of 
the  air  play  in  [222]  ? 

17.  Potassic  cobalticyanide  is  formed  when  cobaltons  hydrate  is  boiled 
with  a  solution  of  potassic  cyanide,  there  being  free  access  of  air.  Write  the 
reaction. 

18.  Write  the  reaction  when  a  solution  of  potassic  hypochlorite  (JEVO-OI) 
is  added  to  the  prodact  of  reaction  [223]. 

19.  Point  out  the  resemblances  and  the  differences  in  the  chemical  rela- 
tions of  cobalt  and  nickel,  and  show  how  fur  they  may  be  traced  to  the  cir- 
enmstanee  that  the  radical  [Ca^  is  more  stable  than  the  radical  [Ah]. 


376 


HAMGAMESE. 


[§263. 


DIVISION  XIV, 

263.  MAHaANBSB.  Mn  =  55.  —  Hemarkable  for  its  yaiiable 
quantiTalence^  two,  four,  six,  and  possibly  seven  or  eight.  A  tolerably 
abundant  element,  and  widely  cUffosed  throughoat  the  mineral  king- 
dom, entering  into  the  composition  of  a  very  large  number  of  min- 
erals.    The  following  are  the  most  characteristic  or  important :  -^ 


Fyrolusite, 

Braunite, 

Hausmannite, 

Psilomelane, 

Wad, 

Manganite, 

Hauerite, 

Manganblende, 

Bhodonite, 

Tephroite, 

TripUte, 

Manganese  Spar, 

Mangano-calcite, 


Orthorhombic, 

Tetragonal, 

Tetragonal, 

Massive,  ) 

Earthy,  / 

OrthorhombiCy 

Isometric, 

Isometric, 

Triclinic, 

Orthorhombic, 

Orthorhombic, 

Bhombohedral, 

Orthorhombic, 


MnOt 

Mn^O^  or  {MnrSij^O^ 

Mixtures  of  difEerent  oxides. 

J£ntSf 
MnS 

Mn-OfOO 

\Ca,MnYO{00 


The  elementary  substance  is  a  very  hard  and  brittle  metal,  Sp,  6r. 
8.013.  It  has  a  grayiBh-white  color,  is  almost  infusible,  and  very 
slightly  magnetic.  It  oxidizes  rapidly  in  moist  air,  and  decomposes 
water  even  at  the  ordinary  temperature.  There  appear  to  be  two  con- 
ditions of  the  metal  corresponding  to  wrought  and  cast  iron ;  but  its 
properties  have  not  been  thoroughly  studied.  It  is  obtained  with  dif- 
ficulty by  reducing  the  oxide  with  carbon  at  a  very  high  temperature, 
and  as  yet  has  found  no  applications  in  the  arts.  Corresponding  to 
the  three  degrees  of  quantivalence  of  manganese  are  three  classes  of 
compounds. 

1st.  Manganous  compounds,  in  which  the  quantivalence  of  the  ele- 
ment is  two.  This  class  includes  all  the  manganese  minerals  above 
enumerated,  after  Manganblende,  and  all  the  common  soluble  salts  of 
the  metal.    Among  the  last  the  most  important  are,  — 

Manganous  Chloride,  MnClt .  (2  or  ^H^O) 

Manganous  Sulphate,  Mn'O^SO^  .  (4,  5,  or  1  H/f) 

Dipotassio-manganous  Sulphate,  K^Mv^O^l^SO^^  .6^0 
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There  is  also  a  bromide,  MnBr^ .  2H^0,  The  manganons  compounds 
are  distinguished  by  a  delicate  pink  or  red  color.  From  solutions  of 
the  manganous  salts,  potassic  or  sodic  hydrate  precipitates  a  white 
hydrate^  Mn*O^H^  which  absorbs  oxygen  rapidly,  and  becomes  brown 
when  exposed  to  the  air  (Manganese  Brown).  In  like  manner,  sodic 
or  potassic  carbonate  precipitates  a  white  hydro-carbonate,  which  also 
becomes  brown  on  drying.  Ammonic  carbonate  also  produces  the  same 
precipitate,  and  does  not  redissolve  it  when  added  in  excess.  Ammonic 
hydrate,  on  the  other  hand,  gives  no  precipitate  in  solutions  containing 
an  excess  of  ammonic  chloride,  and  redissolves  the  precipitate  which 
first  forms  in  simple  aqueous  solutions.  Ammonio-manganous  salts 
are  thus  formed,  and  two  well-crystallized  ammonio-manganous  chlo- 
rides have  been  described, 

MnOk  .  2 NH^Ol .  H^O,      and      MnOlt .  NHfil  .2H^0. 

In  the  solution  of  a  manganous  salt,  sodic  phosphate  and  ammonia 
produce,  under  regulated  conditions,  a  highly  crystalline  precipitate 
haying  the  composition  (NH^^Mn^O^P 0\ .  2H^0,  This  precipi- 
tate yields  on  ignition  a  pyrophosphate  of  uniform  composition,  and  on 
this  reaction  is  based  a  valuable  means  of  determining  the  amount  of 
manganese  in  quantitative  chemical  analysis. 

Manganous  oxide,  MnOy  is  easily  obtained  by  reducing  either  of  the 
higher  oxides  with  hydrogen.  It  is  an  olive-green  powder,  wliich 
bums  if  heated  in  the  air,  thus  forming  the  ''  red  oxide  "  Mnfi^, 

Manganous  sulphide  is  precipitated  on  adding  an  alkaline  sul- 
phide  to  the  solution  of  a  manganous  salt,  as  a  flesh-colored  hydrate, 
MnS,  xH^O;  but  this  also  in  contact  with  the  air  rapidly  oxidizes  and 
turns  brown.  It  readily  dissolves  in  the  dilute  mineral  acids,  and  also 
in  acetic  acid.  The  same  tendency  to  form  compounds  in  which  man- 
ganese presents  a  higher  order  of  quantivalence,  is  exhibited  by  all  the 
soluble  manganous  salts,  and  especially  by  the  ammoniacal  solutions 
just  mentioned,  which,  when  exposed  to  the  air,  rapidly  absorb  oxy- 
gen, become  turbid,  and  deposit  a  brownish  flocculent  precipitate  of 
manganic  hydrate  {0^\Mn^H^O^X).  So,  also,  when  chlorine  gas  is 
passed  through  water  holding  manganous  hydmte  or  carbonate  in  sus- 
pension, or  through  a  solution  of  a  manganous  salt  to  which  an  excess 
of  sodic  acetate  has  been  added,  the  manganese  is  still  further  oxi- 
dized, and  the  brownish  precipitate  obtained  is  chiefly  a  hydrate  of  the 
dioxide  }£nO%  .  HfQ.    Bromine  also  produces  a  similar  result 
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2d.  M<xng<mic  compawuU,  in  i^toA  the  quantkfolmoe  of  the  dement  %$ 
four.  Of  these  we  muBt  distingaisb  two  diTisions :  fint,  those  which 
have  for  their  ndical  the  siii^e  qoadiiYalent  atom  of  maiigaiieBe ;  seo- 
ondly,  those  in  which  two  such  qnadriyalent  atoms  act  as  a  compound 
radical  with  a  quantivalence  of  six.  To  the  first  division  of  the  .man- 
ganic compounds  probably  belong  most  of  the  native  oxides.  Pjro- 
losite,  AfnO^,  has  a  crystalline  form  similar  to  that  of  Brookite,  TtOf^ 
which  is  an  oxide  of  the  well-marked  tetrad  element  titanium ;  while 
Braunite,  Mn^O^,  and  Hausmannite,  Mn^O^^  have  a  form  which  is 
nearly  isomorphous  with  Butiie,  an  allotropic  state  of  the  same  oxide 
(Fig.  57),  but  wholly  unlike  the  forms  of  Fe^O^  (Fig.  64)  and  Fe^O^ 
(Fig.  53),  two  typical  compounds,  to  which  Bmunite  and  Hausmannite, 
if  containing  the  sexivalent  radical  [Mn^y  must  be  closely  allied. 
Manganite  probably  contains  this  radical,  as  it  is  isomorphous  with  the 
native  ferric  hydrate,  Gdthite. 

Of  the  oxides  of  manganese,  the  red  oxide,  J/h^O^,  is  the  most 
stable.  The  higher  oxides,  when  heated,  aie  all  resolved  into  ifii,0^, 
and  the  native  oxides  thus  become  sources  of  oxygen  gas  [118].  When 
heated  with  sulphuric  add,  they  also  give  off  oxygen  and  yield  man- 
ganous  sulphate  [117].  When  heated  with  hydrochloric  acid,  they 
liberate  chlorine  and  yield  manganous  chloride  [77].  Hence  an  im- 
portant application  of  the  native  oxides  in  the  arts.  There  are  reasons 
for  believing  that  the  two  atoms  of  oxygen  in  Mn  0^  stand  in  different 
relations  to  this  molecular  group,  and  the  chloride  of  manganese, 
MnCl^,  recently  isolated,  affords  still  more  oondusive  evidence  of  the 
quadrivalent  relations  of  this  element.  This  manganic  chloride  is 
exceedingly  unstable,  and  when  gently  heated  breaks  up  into  man- 
ganous chloride  and  chlorine  gas. 

To  the  second  division  of  the  manganic  compounds  belong  manganic 
hydrate,  02'{Mn^'Y0ffft,  and  several  very  unstable  compounds  which 
have  been  formed  by  dissolving  this  hydrate  in  different  acids.  The 
sulphate,  however,  becomes  stable  when  the  hexad  radical  is  associated 
in  the  salt  with  potassium.  We  thus  obtain  an  interesting  variety  of 
alum, 

ir„[ifn,]TmO,Tm[50,]4 .  24  J7,0. 

dd.  The  most  eharacteristio  compounds  of  manganese  are  those  in 
which  the  element  is  either  sextivalent  or  octivalent,  and  the  fact  that 
a  volatile  fluoride  €f£  mangaaesa  is  known  which  contains  at  least  six 
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atomaof 'flaoiine  lo  eyery  atom  of  manguieMi  indicates  thai  the  qaan- 
tivaleiico  of  the  alementin  these  compounds  cannot  be  less  than  six. 
Indeed,  the  fluorides  illustiate  veiy  stcikinglj  the  difieient  degrees  of 
quantivalence  which  manganese  may  assumei  £3f  we  have  MnF^  MnF^ 
[Mn^F^  and  MnF^ 

When  an  intimate  mixtuio  of  ^-O-JSTand  MnO^  \&  coasted  in  a  cur- 
rent of  oxygen  gaSi  the  following  reaction  takes  place :  — 

4K-0-H  +  2MnO,  +  ®KD  =  2K,=OrMnO,+  2ini©.    [225] 

On  dissolving  the  resulting  mass  in  water,  and  evaporating  the  deep 
green^  solution  thus  obtained  (»»  vacuo\  crystals  are  formed  isomor- 
phous  with  K^OfSOi ,  in  which  the  hexad  atoms  of  manganese  act  as 
acid  radicals,  and  we  call  the  product  potasric  manganate.  Hie  acid 
corresponding  to  this  compound  has  never  been  isolated,  and  only  a 
few  of  its  salts  are  known.  They  are  all,  like  potassio  manganate^ 
exceedingly  unstable. 

On  boiling  a  solution  of  potassio  manganate^  the  following  remark* 
able  reaction  results :  — 

(3  K^-O^-MnO^  +  3  H^O  +  Aq)  = 

MnO, .  H,0  +  (-gi-0,4;ir«,]0,  +  4 KOH+  Aq) ;     [226] 

and  a  new  compound  called  potassio  permanganate  is  formed,  in  which 
the  atoms  of  manganese  appear  to  have  a  quantivalence  of  eight.  The 
reaction  takes  place  more  readily  if  a  stream  of  00^  is  passed  through 
the  boiling  solution  to  neutralize  the  K-O-H  as  it  forms,  and  when 
the  solution  is  not  too  strong  the  carbonic  dioxide  of  the  atmosphere 
will  in  time  determine  the  same  change,  even  at  the  ordinary  tempera- 
ture. The  solution  of  KfO{\Mn^O^  has  a  deep  vioUt  color,  and  the 
changing  tints,  during  the  reaction  just  described,  present  a  very  strik- 
ing phenomenon.  Hence  the  crude  potassic  manganate,  obtained  by 
melting  together  MthO^  and  K-OrNO^,  is  commonly  known  as  chame- 
leon mineral ;  and  the  production  of  the  characteristic  green  color, 
under  similar  conditions  in  a  blowpipe  bead,  la  the  best  evidence  of 
the  presence  of  manganese. 

Potassic  permanganate,  prepared  as  above,  may  be  readily  crystal- 
lized, and  its  crystals  are  isomorphous  with  those  of  potassic  perchlo- 
rate;  that  is,  K^''Of'{Mn^MaO^,  or  possibly  K-O-MfAO^f  has  the  same 
form  as  X-O-C^O^.    From  potassic  permanganate  a  number  of  other 
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pennanganates  may  be  prepaxed,  and  also  permanganic  acid,  a  dark- 
colored  volatile  liquid.  Permanganic  acid  is  formed  when  the  solu- 
tion of  a  manganese  salt  is  boiled  with  nitric  acid  and  plumbic  dioxide, 
and  a  violet  color  developed  in  the  liquid  under  these  conditions  is  a 
certain  indication  of  the  presence  of  manganese.  The  permanganates 
are  more  stable  than  the  manganates,  but  still  they  readily  part  with  a 
portion  of  their  oxygen,  and  act  as  powerful  oxidizing  agents.  A 
solution  of  potassic  permanganate  is  much  used  for  this  purpose  in  the 
laboratory.     For  example,  it  changes  ferrous  into  ferric  salts. 

(10/Vf  0,-50,  +  ^,-0,-[Jr»JOe  +  Sff^'O^'SO^  +  Aq)  = 
(b[Fe;^0^S0^JtK^-0fS0^'\-2Mn-0rS0t'¥%H^0^Aq\  [227] 

The  slightest  excess  of  the  permanganate  is  at  once  indicated  by  the 
color  it  imparts  to  the  liquid,  and  the  reaction  is  the  basis  of  one  of 
the  most  valuable  methods  of  volumetric  analysis.  Both  the  mangi^ 
nates  and  the  permanganates  are  at  once  decomposed  by  all  organic  tis- 
sues, which  they  rapidly  oxidixe,  and  a  crude  sodic  permanganate  is 
much  used  as  a  disinfecting  agent.  Potassic  permanganate  in  boiling 
alkaline  solution  decomposes  albumen  with  evolution  of  a  certain 
amount  of  the  nitrogen  as  ammonia,  and  on  this  reaction  is  founded 
a  common  method  of  water  analysis. 

264.  IRON.  Fe  =  56.  —  Usually  bivalent  or  quadrivalent,  but 
rarely  sextivalent.  A  universally  difiused  element,  and  the  most 
abundant  and  important  of  the  useful  metals.  As  an  accessory  in- 
gredient, it  enters  into  the  composition  of  almost  every  substance,  and 
it  is  the  chief  metallic  radical  of  a  very  large  number  of  important 
minerals. 
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MAGNETrrE, 

Isometric, 

Fe,  [Fe^O^ 

Magnesioferrite, 

Isometric, 
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Lmmite, 

MassiTe, 

[Fe;^0^ 

Xantboaderitey 

Maadye, 

0- 

[Fei^OfH^ 

Gothite, 

Ortborbombiqy 
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TJMONITi; 

o^^^yo^ 

Bbown  Hematitb^ 

MaauTe. 

Bbown  Olat  IboN' 
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8T0NB, 

Maasive. 

Boo  Orb, 

Masaiye. 

Yellow  OoHRBy 

Maasiye. 
Carbonataa. 

SIDERITE, 

Fe-OiOO 

Spathio  Ibon, 

BhombohediaL 

Clat  Ibon-stokb 

• 

(of  the  coal-bedfl) 

f      Masdye. 

SFHSBOSIBKBITBy 

Concretionarj. 

Mesitite^ 

Bbombobedial, 

[Mg,FeyOfCO 

Ankeritoy 

Bhombobedial, 
Bulphidea. 

[Mff^elCaK>^CO\ 

Tromte, 

Maadye, 

FeS 

Magnetic  Pyrites^ 

Hexagonal, 

FejS^  01  ^<!i|.^1 

Lron  PyriteSi 

laometriCy 

FeSt 

Maicaedte, 

Ortborbombic, 

FeSt 

Mispickel, 

Ortbdrbombic, 
Bnlphataa. 

JV[^,[i*J] 

Gieen  Yitiiol, 

Monoclinicy 

^,FaO^O.Bff,0 

Pisanite, 

Monoclinic,        J^ ,  [Fe.Cuy  Of  SO.  6B^0 

Coquimbite, 

Hexagonali 

[FeJllO^S0^.9M,0 

Jaiosite, 

Bbombobedral, 

4 

(O^^Fe^^O^'SO;^.  ([K,IlayOt'S0^.9BtO 

Copiapite, 

Hexagonali     O[^«,>0,^[iSf0J..  12  J7,0 

Baimondite, 

Hexagonal,        O^Fe;\^  O^SO^  .TJB^O 

Glockerite, 

Maadye, 

0^[/VJrf-  OfSOt  .6BtO 

Fibiofezrite, 

Fibrous,       0^rm[Fe;\^  0^^x[SOi]g .  27 1^0 

Botiyogen, 

Monoclinic, 

Yoltaite, 


laometrio,    Fe,[Fe^'MOin{SO;^.UH,0 
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Triphylite^ 

Yivianite, 

Dufrenite; 

Cacoxenitei 

Scorodite, 

Pharmacosideiite, 


Oithorhombtc, 

Monoclinie, 

OrthorhombiCy 

Badiated, 

Orthorhombic, 


[Fe,Afn,Li,]fO^PO), 
Fe^O^PO\.%H^O 

O^Fe;\^OXFO),.SB,0 

0AFe;\S0^P0),A2ir,0 

[Fe;j^O^A»0)t.iE,0 


Isometric,  OflFe^^xfmOj^nm(AsO\ .  15  ff^O 


Fayalite  (lion  Oliyine),  Oithorhombic  1  Fe^O^ 

Hvaite  (Yenite)  Orthorhombic,  R^ ,  [iy «»  Ou^n^'j  ' 

Schorlomite,  Massive,  Oa^ ,  [-Fe J««^  Oi^^r[Ti,  Si}^  0, 

Compare  sLbo  Columbite,  Tantalite,  and  Wolfram  (§§  378  and  187). 

265.  Metallurgy  of  Iron. — Native  iron  of  meteoric  origin  is  not 
unfrequently  found,  but  it  is  doubtfal  whether  native  iron  of  terrestrial 
origin  exists,  although  instances  of  its  occurrence  have  been  reported. 
The  commercial  value  of  the  metal  is  so  small  that  only  those  femf- 
erous  minerals  which  are  at  the  same  time  rich,  abundant^  readily  accee- 
sible,  and  easily  smelted,  can  be  utilized  as  ores.  The  useful  ores, 
which  are  all  either  oxides,  hydrates,  or  jcarbonates.  are  distinguished, 
in  the  list  of  iron  mineralsgiven  above,  by  a  difference  of  type  ;  and 
the  names  of  the  most  important  varieties  of  the  different  ores  follow 
the  names  of  the  species  to  which  they  belong.  These  ores  are  found 
either  in  veins  or  in  beds,  associated  with  rocks  of  all  ages  and  of  very 
various  characters,  and  the  value  of  a  given  deposit  frequently  depends 
quite  as  much  on  its  association  with  coal  and  lime,  and  on  its  prox- 
imity to  a  commercial  centre,  as  on  the  richness  of  the  ore.  Hence  the 
great  wealth  which  has  been  drawn  from  the  deposits  of  clay  irdn-stone 
in  the  coal-beds  of  England,  an  ore  which,  intrinsically,  is  compara- 
tively poor. 

All  the  useful  ores  of  iron,  when  not  anhydrous  oxides,  are  converted 
into  this  condition  by  roasting,  and  the  oxides  are  easily  reduced  to 
the  metallic  state  by  simply  heating  t^e  roasted  ore  with  coal.  The 
smelting  process,  however,  also  involves  the  fusion  of  the  other  mineral 
matterV(gangue),  with  which  the  true  ore  is  always  mixed.  This 
iiangll*^  ^pfjll  seldom  fuse  by  itself,  even  at  the  high  temperature  of  a 
blast  furnace,  _and  it  is  almost  always  necessary  to  mix  the  ore  with 
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some  fiuK  (uanally  limeBtone),  which  will  mate  with  the  gangae  and 
form  a  foaibre  dax^.   The  Mane  end  is  sometimes  attained,  or  at  least  an 

[TanSage  is  gained,  by  mixing  different  ores. 

If  the  iron  is  reduced  at  a  comparatiyeljr  low  temperature,  as  in  a 
Uoomary  forge^  the  metal  separates  from  the  melted  slag  as  a  loosely 
coherent,  spongy  solid,  the  Uoomy  and  is  subsequently  rendered  com- 
pact by  hammering  and  rolling  while  still  at  a  welding  heat  If  the 
iron  is  reduced  at  a  high  temperature,  as  in  a  blast  furnace,  the  metal 
unites  with  a  small  propoW16n  ot  carbon  and  is  thereby  rendered  fusi- 
tne  ilbsed  metal  and  tne  meitea  slag  ihen  drop  together  into 
m^crucMe  of  the  furnace,  and  there  the  difference  of  density  deter> 
mines  a  perfect  separation  of  the  two  molten  liquids.  The  product  of 
the  first  process  is  nearly  a  pure  metal,  and  is  called  wrimgktrircn.  The 
product  of  the  second  process  contains  a  yariable  amount  of  carbon 
(from  2  to  5  per  cent),  and  is  known  as  oout^ron. 

With  the  outward  aspects  of  these  two  varieties  of  iron  every  one  is 
familiar.  Wrought-iron  is  so  soft  that  it  can  be  readily  worked  with 
files  and  other  steel  tools.  It  is  very  tough,  and  has  great  tenacity. 
It  is  exceedingly  ductile  and  malleable.  It  readily  fuses  before  a  com* 
pound  blowpipe,  and  in  small  quantities  may  even  be  melted  in  a 
wind-furnace.  It  however  requires,  for  its  perfect  fusion,  a  full  white 
heat.  But  at  a  lower  temperature  it  7)ecbme8  soft  and  pliable,  and.  in 
tills  Condition  can  be  wrought  or  welded  on  an  anvil.  It  has  a  fibrous 
structure,  but  this  is  in  a  great  measure  due  to  the  mechanical  treat- 
ment it  receives. 

Cast-iron,  on  the  othflLfcand.  has  a  granular  or  crystalline  structure. 
It  is  much  harder  than  wrought-iron,  and  proportionally  more  brittle. 
It  is  therefore  neither  malleable  nor  ductile,  and  cannot  be  wrought  on 
the  anvil  like  the  former  metal ;  bjit,  as  it  melts  at  a  much  lower  tem- 
L  suitable  for  ecutinat.  Cast-iron  differs  greatly  in  quahty, 
and  the  two  extreme  conditions  are  seen  in  the  two  commercial  varie- 
ties known  as  white  iron  and  grag  iron.  White  iron  has  a  brilliant 
white  lustre  and  a  lamellar^crystallihe  fracture,  is  very  brittle,  and  so 
hard  that  it  cannot  be  worked  with  steel  tools.  It  is,  therefore,  not 
suitable  for  casting,  but  may  be  used  to  advantage  for  making  wrought- 
iron  or  steel.  Gray  iron  has  a  darker  lustre  and  a  more  jipranular  frac- 
ture.  It  is  much  softer,  and  may  be  filed,  drilled,  or  turned  in  a  lathe. 
Although  less  fusible  than  white  iron,  itnowi  more  freely  when  melted, 
and  is  better  adapted  for  casting.     It  also  contains,  as  a  rule,  less  car- 
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bon,  but  the  difference  of  qualities  seems  to  depend  more  on  the  con- 
dition of  the  carbon  than  on  the  amount.  In  white  iron  all  the  carbon 
appears  to  be  chemically  combined  with  the  metal,  while  in  gray  iron 
the  greater  part  is  disseminated  in  an  uncombined  form  through  the 
mass.*  A  form  of  white  iron,  called  by  the  Oermans  epiegeleiten  (mir- 
ror iron),  which  crystallizes  in  flat,  brilliant  tables,  and  contains  about 
five  per  cent  of  carbon,  has  approximately  the  composition  CFe^  and 
another  crystalline  variety  has  been  described,  which  nearly  corre- 
sponds to  CFe^;  but  the  existence  of  these  compounds  cannot  be  re- 
garded as  proved.  Spiegeleisen,  moreover,  is  not  a  pure  feno-carbide, 
but  always  contains  magganeset  t^  amount  varying  f rMQ  foor  to 
twelve  per  cent  Indeed,  manganese  is  a  very  common  ingredient  of 
cast-iron,  as  might  be  anticipated,  seeing  that  manganesian  minerals  are 
so  frequently  associated  with  iron  ores.  Cast-iron  also  contains  variable 
quantities  of  silicon,  sulphur,  and  phosphorus,  besides  traces  of  other 
metals,  such  as  aluminum,  calcium,  and  potassium. 

By  melting  cast-iron  on  the  hearth  of  a  reverberatory  furnace,  the 
carbon  and  the  other  impurities  may  be  more  or  less  thoroughly  burnt 
out,  and  the  metal  converted  into  wrought-iron.  At  the  same  time  a 
portion  of  the  iron  is  oxidized,  and  a  very  fusible  slag  is  formed  by 
the  union  of  the  oxide  with  the  silica  always  present. 

TOie  metal  thickens  as  it  becomes  decarbonized,  and  the  spongy  bloom 
thus  fbrmea  is  easii^fBlBrated  nom  tne  melted  slag,  and  hammered  or 
rolled  into  bars,  as  before  described.  The  greater  part  of  the  wrought- 
iron  of  commerce  is  made  in  this  way,  and  the  process  is  called  "pud- 
dling," because  the  melted  metal  is  stirred  or  puddled  on  the  hearth  of 
the  furnace  in  order  to  expose  the  mass  more  effectually  to  the  action 
of  the  air.  The  purest  iron  thus  prepared  still  contains  a  small  amount 
of  carbon,  wliich  does  noi^  however,  impalr_  its  usetui  qualities,  rhe 
other  impunues  oT  cast-iron,  when  not  wholly  removed,  render  the 

inical  language),  and  are 


wrought-iron  friable  ot^brit^le^^jA<w^.  in 

highlyprejudiciaL     Sulphur  makes  the  metal  friable  while  hot  (red 

ihort),  while  phosphorus  and  silicon  make  it  brittle  when  cold  (cold 

ikort), 

*  When  the  fractare  exhibits  laige,  coarse  grainfl,  among  which  points  of  graph- 
ite are  distinctly  visible,  the  metal  is  said  to  be  mottled.  Mottled  iron  is  veiy 
tough,  and  is  especially  valued  for  casting  ordnance.  Of  all  three  varieties  of 
cast-iron,  — the  white,  the  mottled,  and  the  grey,  —the  iron-masters  distingoish 
several  grades« 
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That  most  valaable  foim  of  iion  called  steel  holds  an  intennediate 
position  between  wxoaght-  and  cast-iron,  and  partakes,  to  a  great  extent, 
of  the  valuable  qualities  of  botL  At  a  white  heat  it  may  be  worked 
on  the  anvil,  like  wrought-iron,  tfnd  at  a  higher  temperature,  but  still, 
within  the  range  of  a  wind  furnace,  it  may  be  melted  and  cast  If 
suddenly  quenched  in  water,  when  red-hot,  it  becomes  as  hard  and 
brittle  as  white  cast-iron ;  and  when  subsequently  heated  to  a  regu- 
lated temperature,  the  temper  may  be  reduced  to  any  desired  extent 
It  may  thus  be  made  soft  and  tough,  or  hard  and  elastic,  at  will,  and 
on  this  remarkable  quality  its  numerous  and  important  applications 
to  the  useful  arts  depend.  Good  steel  contains  from  0.7  to  1.7  per 
cent  of  carbon,  and  it  is  made  either  by  carbonizing  wrought-iron,  as 
in  the  ordinary  eefnentoHon  method,  or,  as  in  the  Bessemer  process,  by 
decarbonizing  cast-iron ;  but  it  is  probable  that  the  qualities  of  steel 
depend  fully  as  much  on  some  unknown  causes  as  on  the  presence  of 
carbon.  It  has  even  been  doubted  whether  the  presence  of  carbon 
is  essential ;  and,  indeed,  the  whole  subject  is  very  obscure. 

266.  Metallic  Iron.  —  The  i^.  Or.  of  the  purest  iron  is  8.14,  but 
cast-iron  has  sometimes  a  specific  gravity  as  low  as  7,  and  the  density 
of  the  different  varieties  of  the  metal  ranges  between  these  extremes, 
the  average  for  good  bar-iron  being  7.7.  Iron  is  distinguished  for  its 
great  susceptibility  to  magnetism,  and  in  this  respect  it  far  surpasses  \ 
both  nickel  and  cobalt,  the  only  other  metals  that  exhibit  this  property, 
in  any  marked  degree.  The  susceptibility  of  iron  to  magnetic  induc- 
tion diminishes  as  its  hardness  increases,  but  at  the  same  time  its 
power  of  retaining  the  virtue  is  enhanced.  Thus,  iron  can  only  be 
permanently  magnetized  when  combined  with  carbon,  as  in  steel,  or 
with  oxygen,  as  in  the  magnetic  oxide  or  loadstone,  Fefi^  or  with 
sulphur,  as  in  magnetic  pyrites,  Fe^S^ ;  but  it  is  a  fact  worthy  of  notice, 
that  spiegeleisen,  specular  iron,  Fefi^  and  common  pyrites,  FeS^  are 
almost  indifferent  to  the  action  of  a  magnet,  and  the  same  is  true  of 
most  other  iron  compounds. 

At  a  high  temperature  iron  bums  readily,  and  under  &vorable  con- 
ditions will  sustain  its  own  combustion  (§  68).  The  product  fo^ed  is 
Fefi^,  At  a  red  heat  it  also  decomposes  water,  yielding  the  same  ox- 
ide y  before,  together  with  hjdp^n^gas.     At  tlie  ordmary  tempera- 
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however,  poliske?  iron  retains  its  lustre  unimpaired,  both  in  dry 
air  and  in  pure  water  (free  from  air) ;  but  when  exposed  to  both  air 
and  moisture^  the  sur&ce  soon  becomes  covered  with  rust    Moreover, 
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this  change  is  sot  merely  sapeificial,  but  uiider>  &Yoanbk  .oonditions 
prooeeds  until  the  whole  mass  of  the  metal  is  converted  into  a  feme 
hydiate,  having  the  composition  of  Limonite.  Xhe^chaBge  aooeleEates 
as  it  advanoesy  and  the  rust  first  formed  seems  ti»  act  as  «  Ganier*<^  ox* 
ygen  to  the  rest  of  the  metaL  The  eonosioQ,  oi  wood  and  other  oiganic 
fibre,  when  in  contact  with  rusty  nails,  has  been  explained  in  a  similar 
way.  It  is  also  a  &vorite  theory  that  a  coating  of  rust  fonns  with  the 
metal  a  voltaic  combination,  which  actually  decomposes  the  water  pres- 
ent, and  this  is  thought  to  account  for  the  singular  :&ot  that  iion^rust 
alwavs  contains  ammonia. 

Iron  readily  dissolves  in  dilute  mineral  acids,  yielding  a  farrous  salt 
and  hydrogen  ga&  It  also  dissolves  in  aqueous  solution  of  carbonic 
acid  if  free  from  air.  Concentrated  sulphuric  add,  even  when  boiled 
with  iron,  has  but  little  actbn  upon  it  Nitric  acid,  on  the  other 
hand,  rapidly  dissolves  the  metal  with  evolution,  of  \NO,  It  is  a  sin- 
gular fact,  however,  that  the  most  concentrated  nitrio  acid  (iS^.  Or, 
1.45)  not  only  does  not  attack  iron,  but  so  modifies  its  condition  that 
it  may  subsequently  be  kept  for  weeks  in  acid  of  the  ordinary  strength 
{Sp.  Gr,  not  less  than  1.35)  without  the  slightest  alteration  of  the 
polish  on  its  surfoce.  This  same  pamve  eondttic»  may  also  be  induced 
in  other  ways. 

Iron  enters  into  chemical  combination  with  almoei  all  the  non-metal- 
lic elements,  and  forms  alloys  wiUi  many  of  the.  metals.  Correspond- 
ing to  the  three  degrees  of  quantivalence  are  three  very  distinct  classes 
of  compounds :  first,  the  ferrous  componnd^  whose  radieal  is.  a  single 
bivalent  atom  of  iron ;  secondly,  the  ferric  compounds,  having  a  sexti- 
valent  radical  consisting  of  two  quadrivalent  atoms  of  iron ;  and  lastly, 
a  few  very  unstable  salts  caXLed  ferrates^  analogous  to  the  raanganates, 
in  which  a  sextivalent  atom  of  iron  is  the  acid  radical  The.last  class 
of  compounds,  although  practically  unimportant,  are  interesting^  as 
they  indicate  the  close  relationship  between  iron  and  manganese;  but 
iron  differs  from  all  the  elements  with  which  it  is  allied  in  that  the  two 
radicals  F^  and  [Fe^'p  form  equally  stable  compounds,  and  play  an 
equally  important  part  in  the  mineral  kingdom  ;  and  this  double  as- 
pect of  the  element  is  one  of  its  most  characteristic  and  important 
features. 

267.  Ferrous  Compoonds.  — ^  The  crystallised  ferrous  compounds 
have,  as  a  rule^  a  light  green  color,  and  ferrous  oxide  imparts  the  same 
color  to  glass.    The  soluble  ferrous  salts  have  a  diaiacteristia  styptie 
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taste.  They  are  isomorphous  with  the  QCMnr8Q)ondiiig  oompoirnds  of 
magnesium^  and  nncy  and  quite  48  doeelj  allied  to  them  a&to  those 
of  mangaDese,  cobalt,  and  nickel,  —  the  elements  with,  which  iron  is 
classed  in  the  scheme  of  this  book.  Thus,  in  nature,  ferrous  carbonate 
is  as  intimately  associated  with  the  carbonates  of  magnesium  and  zinc 
as  with  the  carbonate  of  manganese^  and  the  four  bivalent  radicals  re- 
place each  other  in  almost  every  proportion,  not  only  in  the  carbonates, 
but  also  in  the  silicates,  and  in  a  large  number  of  other  minerals.  In 
like  manner,  ferrous  sulphate  (green  vitriol),  like  the  sulphates  of  the 
same  metals,  and  also  those  of  nickel  and  cobalt,  crystallizes  with  seven 
molecules  of  water,  and  forms  double  salts  with  the  sulphatea  of  the 
alkaline  metals  (§§222,  231,  261).  The  sulphate  is  the  most  impor- 
tant of  the  soluble  ferrous  salts,  but  all  the  following  axe  also  well 
known:  — 

Ferrous  Chloride,  FeCl^.  i  Hfi 

Ferrous  Nitrate,  Fe4)^N0^^  .  6  Hfi 

Ferrous  Sulphate,  Fe^^-SO^  .  (7,  4,  3,  or  2  B^O) 

Ferrous  Oxalate,  F^^Cfi^  .  2  HJ) 

Ferrous  Phosphate,  .M,F€^OfPO 

• 

In  solutions  of  the  ferrous  salts,  when  protected  from  the  air,  the 
alkaline  hydrates  give  a  white  precipitate  of  ferrous  hydrate,  FeOfH^ 
and  the  alkaline  carbonates  a  similar  white  precipitate,  which  is  a  hy- 
drocarbonate  of  variable  composition.  In  the  presence,  however,  of  a 
large  amount  of  NHjOl^  neither  ammonia  nor  ammonic  carbonate  gives 
any  precipitate,  and  the  precipitation  by  the  other  alkaline  reagents 
is  in  great  measure  prevented.  The  alkaline  sulphides,  nevertheless, 
precipitate  the  iron  wholly  as  a  hydrated  ferrous  sulphide,  and  so  d^ 
also  H^  when  the  solution  is  alkaline,  but  not  when  the  slightest  ex- 
cess of  any  mineral  acid  is  present.  Solutions  of  the  ferrous  salts,  when 
exposed  to  the  air,  absorb  oxygen,  and  the  feirous  changes  into  a  ferric 
compound.  The  same  is  true  of  the  ferrous  precipitates  formed  as  just 
described,  all  of  which  are  very  rapidly  oxidized  as  soon  as  they  are 
exposed  to  the  atmosphere.  The  products  in  any  case  are  determined 
by  various  conditions,  but  the  following  are  some  of  the  most  charac- 
teristic of  the  reactions :  — 

(4  F^OtSO^  +  2  EfOfSOt  +  Aq)  ^-  fliH©  = 

{2[F€;pOJ{SO,)^+2Bfi^Aq).    [228] 
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* 

(20 /W>,-50,  +  6  ^,0  +  J  j)  +  5(BHD  = 

2  (OXFc,>0,-SO,  .  3  H,0)  +  {e[FeJOXSO^^  +  Aq).     [229] 

4  FeO,-H,  +  (EH©  =  2  0[Fejj>0/H^ .  [230] 

268.  Ferrio  ComponndA.  —  Fenic  oxide,  when  diflsolved  in  melted 
borax,  imparts  to  the  glass  a  yellow  or  yellowish-red  color,  and  most 
of  the  ferric  compounds  affect  the  same  tints.  They  are  isomorphona 
with  the  corresponding  compounds  of  aluminum,  and  closely  allied  to 
them  in  their  chemical  relations.  The  following  are  the  most  impor- 
tant of  the  soluble  normal  salts :  — 

Ferric  Chloride,       [FeJ^Ol^  .  6  Hfi,  also  with  5  or  12  Hfi 

Ferric  Nitrate,         iFe^lOf{NO;)^  .  18  Hfi,  also  with  12  H/) 

Ferric  Acetate,        iFe;\lO^{C^Hfi)^  +  Aq 

Ferric  Sulphate,      iFe^O^SO;^^  .9ff^0 

Diammonio-feiric  Sulphate,      (^ff^i,lFe^^O^^{SO^^  .  24  E^O 

Ferric  Oxalate,        lFe;}lO^{CMz 

Sodio-ferric  Oxalate,     Na^ IFe^^ O^^C^O^^  .6E^0 

Ferric  acetate  cannot  be  crystallized,  and  the  ferric  salts,  as  a  rule, 
crystallize  with  difficulty.  All  the  weU-marked  radicals  of  the  type 
[/iTJi  manifest  a  very  strong  tendency  to  form  basic  compounds  (§  39 
and  [47]),  and  the  ferric  salts  furnish  a  striking  illustration  of  the  gen- 
eral principle.  Most  of  the  native  ferric  salts  are  basic,  and  the  symbols 
of  a  number  of  such  compounds  have  already  been  given.  Their  mutual 
relations  will  be  best  understood  if  they  are  studied  in  connection  with 
the  various  hydrates,  from  which  they  may  be  regarded  as  derived,  and 
a  table  of  the  possible  ferric  hydrates  is  easily  made  after  the  principle 
of  §  131.  Of  the  compounds  which  are  thus  theoretically  possible,  a 
lavge  number  are  easily  prepared,  and  a  still  larger  number  are  at  times 
formed  when  the  conditions  happen  to  be  favorable ;  but  as  the  com- 
pounds become  more  basic,  they  soon  lose  every  trace  of  crystalline 
structure,  and  with  this  all  evidence  of  definite  chemical  constitution 
disappears.  The  products  are  then  amorphous  or  colloidal  solids, 
which  present  in  their  composition  every  possible  gradation  between 
certain  limits.* 

*  Solutions  of  various  basio  compounds  are  readily  obtained,  either  by  dissolving 
freshly  pi-ecipltated  ferric  hydrate  in  a  solution  of  almost  any  ferric  salt,  or  by 
partially  abstracting  the  acid  of  the  salt  by  the  cautious  addition  of  an  alkali.  A 
solution  of  ferric  nitrate,  for  example,  may  thus  be  made  to  take  up  seven  addi- 
tional atoms  of  [Fe^,  On  allowing  such  solutions  to  evaporate  spontaneoiuly,  the 
basic  compounds  may  frequently  be  obtained  in  the  solid  state. 
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All  the  more  basic  salta  aie,  as  a  rule,  insoluble  in  water,  but  in  sev- 
eral eases  they  affect  both  a  soluble  and  an  insoluble  modification,  and 
under  certain  conditions  the  first  changes  into  the  last  on  simply  boil- 
ing the  solution.  The  soluble  condition  appears  in  all  cases  to  be  a 
colloidal  modification,  and  by  dialyzing  (§  61)  a  solution  of  basic  ferric 
chloride  it  is  possible  to  remove  almost  all  the  acid  radical,  and  obtain 
nearly  a  pure  solution  of  ferric  hydrate.  This  solution  coc^lates  on 
standing,  and  the  ferric  hydrate  thus  passes  through  successive  stages 
of  dehydration.  On  boiling  the  water,  the  dehydration  proceeds  still 
further,  until  at  last  a  hydrate  corresponding  to  Gothite  is  formed. 
So  also  the  voluminous  hydrate,  first  precipitated  by  alkaline  re- 
agents from  cold  solutions  of  ferric  salts,  undergoes  a  similar  change 
under  the  same  conditions.  These  facts  would  lead  us  to  infer  that 
the  "  coagulation  "  of  the  solutions  of  the  basic  ferric  salts  is  caused 
by  the  elimination  of  a  certain  quantity  of  water  from  the  molecules 
of  the  compounds. 

The  ferric  compounds,  although  permanent  in  the  air,  are  easily 
reduced  to  the  ferrous  condition  by  the  feeblest  reducing  agents. 

([/VJCT,  +  M)  -^^  Zn  =  {2  FeCl^  '\- Zna^-\-  Aq).  [231] 

([^<fj  Cir,  +  ff^S  +  iig)  =  S  -h  (2  FeCl^  +2ffa  +  Aq).    [232] 

In  solutions  of  ferric  salts»  the  alkaline  hydrates  iftid  carbonates  all 
give  a  red  precipitate  of  ferric  hydrate,  whose  constitution  varies  with 
the  conditions  of  the  experiment,  as  indicated  above.  This  precipi- 
tate M  insoluble  in  an  excess  of  sodic  or  potassic  hydrate.  In  the  same 
solutions  potassic  sulphocyanate  strikes  a  deep  red  color,  and  potassic 
ferrocyanide  gives  a  deep  blue  precipitate.  These  reactions  are  very 
delicate,  and  enable  us  to  detect  the  smallest  amount  of  a  ferric  com- 
pound, even  in  the  solution  of  a  ferrous  salt.  The  ferrous  compound, 
under  the  same  conditions,  gives  in  one  case  no  color,  and  in  the 
other  a  white  precipitate. 

269.  Chlorldas.  FeOl^  and  IFe^Q^.  —  Bj  carefully  heating 
crystallized  ferrous  chloride  (§  267)  out  of  contact  with  the  air,  the 
anhydrous  compound  can  be  obtained ;  but  a  solution  of  ferric  chlo- 
ride cannot  be  rendered  anhydrous  by  evaporation,  since  the  hydrous 
compound  is  decomposed  by  heat  into  hydrochloric  acid  and  ferric 
oxide.  Anhydrous  ferrous  chloride  can  also  be  obtained  by  passing 
SIOl  over  ignited  metallic  iron.  Anhydrous  ferric  chloride  can  be 
prepared  in  a  similar  way,  using  Ol-<3l  instead  of  WSL    The  first 
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yields  a  white  eablimiiie ;  tbe  seooiid,  nMch  is  tbr  moie  volatile,  is 
deposited  in  btownieh  Cfsnstallme  soalet,  and  the  Sj^.  Gr.  of  its  vapor 
has  been  detennined.  (Table  III.)  From  this  vapor  density  and  the 
principles  of  §  35  and  f  SfS,  we  infer  that  the  molecular  stnictore  of 
this  compound  is  conectly  represented  by  the  symbol  ClfFe-Ft^Cl^^ 
and  the  student  shomld  notice  that  an  aitiad  atom  may  thus  acquire 
the  semblance  of  a  perissad.  There  are  fluorides^  bromides,  and  iodides 
corresponding  to  the  chlorides,  but  they  have  no  special  interest. 

270.  Ozldea.  —  FtO,  [/V J  0, ,  F4,{Fe^  ^  0^ .  —  Ferrous  oxide 
may  be  pifepated  by  boiMng  in  the  surrounding  water  the  v<4uminous 
white  hydrate  obtained  when  an  alkali  is  added  to  the  solution  of 
a  pure  ferrous  salt,  every  traeeof  air  being  carefully  excluded.  If 
exposed  to  the  air,  it  rapidly  absorbs  oxygen,  and  [i^^^J^s  ^  ^^®  ^^ 
result;  A  black  pyrophorio  powder,  obtained  by  igniting  ferrous  oxa- 
late in  a  close  vessel,  is  a  mixture  of  the  same  oxide  with  metallic  iron. 
Ferric  oxide  is  prepared  for  the  arts  by  igniting  green  vitriol,  or,  still 
better,  ferric  sulphate*  •  It  fonns,  even  when  most  highly  levigated, 
a  very  hard  powder,  much  used  for  polishing  glass  and  metallic  sur* 
£M3es  (Colcotfaar,  Crocus  Martis,  Eouge).  It  is  also  used  as  a  red  paint. 
Ferrous-ferric  oxide  is  formed  when  either  of  the  other,  oxides  is 
intensely  heated  in  the  air,  and  must,  therefore,  be  regarded  as  the 
most  stable  of  t^is. class  of  compound^  It  is  distinguished  by  its 
susceptibilityto  magnetism,  and  its  crystalline  form  (§  105),  which  con- 
nects it  with  Spinel  (§  283)  and  other  allied  isomorphous  compounds. 
Besides  the  above^  one  or  more  intermediate  oxides  have  been  dis- 
tinguished, but  they  are  probably  mixtures  of  the  oxide&  already 
named.  As  has  been  already  stated,  both  the  oxides  and  the  hy- 
drates are  abundant  native  minerals  and  important  ores. 

271.  Salpiiia«8.  —  The  fusible  product  obtained  by  melting  to- 
gether iron  and  sulphur,  and  so  much  used  in  the  laboratory  for  mak- 
ing H^Sf  is  essentially  ferrous  sulphide,  FeS^  although  its  composition 
is  not  absolutely  constant.  The  same  compound  may  be  formed  by 
mixing  flowers  of  sulpnur  and  iron  filings  with  water,  and,  since  the 
resulting  compound  fDrms  a  coherent  mass,  this  mixture  is  useful  under 
certain  conditions  as  a  cement.  Ferric  disulphide,  FeS^  (Iron  Pyrites), 
IB  by  far  the  most  abundant  of  the  native  metallic  sulphides.  It 
occurs  in  almost  all  mineral  veins,  and  is  known  to  the  miners  as 
Mundic,  It  is  readily  distinguished  by  its  yellow  color  and  great  hard- 
ness.   The  more  compact  varieties  are  very  resisting  mineraU,  but  those 
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of  a'io6seir  texture  lapidly  crtrmble^^en  exposed  to  the  atmospheie, 
aud  this  is  especially  true  of  the  orthorhombic  variety  called  MarcatUe. 
The  cinmbliiig  of  manyrocks  is  also  caused  by  the  oxidation  of  the 
pyrites  which  they  contain.  Altiioiigh  useless  as  an  ore  of  iron,  com- 
mon pyrites  is  exceedingly  yabmble  as  a  source  of  sulphur,  and  for  the 
manufacture  ctf  sulphuric  aoid-  The  magnetic  sulphide,  Fe^S^  has 
already » been  mentioned,  and  there  is  also,  a  aulphide,  Fe^^^  corre- 
sponding to  the  magnetic  oxide,  and-  another,  Fe^y  corresponding  to 
ferric  oxide.  Moreover,  sulphides  of  the  composition  Fe^S  and  Fe^ 
have  been  formed,  but  it  is  doubtful  whether  they  are  definite  com- 
pounds. The  black  precipitates,  obtained  when  an  alkaline  sulphide 
is  added  to  the  solutions  <if  ferfoua  and  ferrie  salts,  are  either  sulpho- 
hydrates  (§  175)  or  molecular  compounds  of  the  sulphide  and  water. 
They  are  both  very  unstable  products,  and  rapidly  oxidize  when 
exposed  to  the  air. 

272.  Ferrates.  —  Potassic  ferrate,  K^O^FtO^^  maybe  prepared 
either  by  fusing  ferric  oxide  with  nitre,  or  by  passing  chlorine  gas 
through  a  very  strong  solution  of  potassic  hydrate,  in  which  ferric 
oxide  »  suspended.  Both  the  fused  mass  of  the  first  reaction,  and 
the  black  powder  deposited  from  the  alkaline  solution  in  the  second, 
yield- with  water  a  beautiful  violet-colored  solution  of  potassic  ferrate. 
This  compound  is  very  unstable,  and  has  merely  a  theoretical  interest. 
Ferrates  of  the  alkaline  earths  are  also  known ;  but  neither  ferric  add 
nor  any  compounds  corresponding  to  the  permanganates  have  as  yet 
been  discovered. 


QUESTIONS  AND  PBOBLEMS. 

Manganese. 

1.  Eywhat  sknple  Uowpipe  test  may  the  presence  of  manganese  in  a 
mineral  be  recognized  ?  How  Deut  is  the  color  of  the  manganese  minenJs 
chazacteriBtLc ! 

2.  Cbmpare  the  manganotis  with  the  nickelous  and  cobaltous  salts,  and 
show  to  what  extent  they  resemble  each  other,  as  well  as  indicate  the  points 
of  difference. 

3.  Compare  the  ammonio-salts  of  the  same  three  elements,  and  seek  the 
cause  of  ^e  difference  of  the  effects  which  the  atmospheric  air  produces 
when  flolutious  of  these  salts  are  exposed  to  its  influence. 
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4*  Represent  by  graphic  sjmholM  the  coiutitation  both  of  manganous  and 
manganic  alum. 

6.  Write  the  reaction  of  potasaic  hydrate  on  a  solution  of  manganons 
chloride,  and  the  further  reaction  when  the  resulting  precipitate  is  exposed 
to  the  atmospheric  air.    Assume  that  the  final  product  is  manganic  hydrate. 

6.  Write  the  reaction  of  hydro-disodic  phosphate  and  ammonic  hydrate 
on  a  solution  of  numganous  chloride,  and  also  indicate  the  further  change 
which  takes  place  on  igniting  the  resulting  precipitate. 

7.  Make  a  list  of  the  oxides  of  manganese,  and  show  how  far  they  corre- 
spond to  the  oxides  of  nickel  and  cobalt  on  the  one  side,  and  to  those  of  iron 
on  the  other.  Make  also  a  similar  comparison  of  the  different  hydrates. 
Compare  also  the  different  oxides  and  hydrates  as  regards  their  relative 
stability. 

8.  Of  the  metals  thus  fax  studied,  which  are  precipitated  from  acid  solu- 
tions, and  which  only  from  alkaline  solutions,  by  H^S  ? 

9.  By  what  solvents  may  the  sulphides  of  manganese,  zinc,  and  oobalti 
when  precipitated  tt^ether,  be  separated  ? 

10.  In  what  other  way  may  manganese,  when  in  solution,  be  separated 
from  nickel  and  cobalt  1 

11.  To  what  relationship  does  the  ciystalline  form  of  the  native  carbon- 
ates of  manganese  point? 

12.  By  what  means  may  manganese  be  separated  from  zinc  when  both  are 
present  in  the  same  solution  as  acetates?  If  they  are  in  the  condition  of 
chlorides,  how  may  they  be  readily  converted  into  acetates  ?  How  fSeur  may 
the  same  methods  be  used  to  separate  manganese  from  the  metallic  radicals 
previously  studied  1 

13.  Write  the  reaction  of  the  atmospheric  oxygen  on  a  solution  of  ammo- 
nio-manganous  chloride. 

14.  Write  the  reaction  of  chlorine  gas  on  manganous  carbonate  suspended 
in  water. 

15.  Represent  by  graphic  symbols  the  constitution  of  Pyrolusite,  Braun- 
ite,  and  Hausmannite,  and  endeavor  to  hannonize  the  cr3rstallographic  rela- 
tions stated  above. 

16.  Represent  by  graphic  symbols  the  constitution  of  Manganite  and 
Gothite. 

17.  Write  the  reaction  of  sulphuric  and  also  of  hydrochloric  acid  on  each 
of  the  three  oxides  MnO^,  Mnfi^^  Mnfi^. 
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18.  When  a  mixtnie  of  IfnO,  and  oxalic  acid  Ib  heated  with  dilate 
solphnric  acid,  the  products  are  manganons  sulphate,  water,  and  carbonic 
dioxide  gas.  Write  the  reaction,  and  calculate  how  much  CO^  would  be 
formed  for  every  gramme  of  AfnOg  taken. 

19.  Can  yon  base  on  the  reaction  just  written  a  method  of  determining 
the  purity  of  the  commercial  ''black  oxide  of  manganese/'  which  is  fre- 
quently a  mixture  of  the  different  native  oxides,  and  is  sometimes  adul- 
terated with  sand  t 

SO.  Assuming  that  one  gramme  of  a  sample  of  the  commercial  oxide  sets 
free,  as  above,  0.654  gramme  of  CO,,  how  much  bleaching  salts  could  be 
manufactured  with  1,000  kilo,  of  the  oxide,  assuming  that  the  symbol  of  the 
bleaching  salts  is  {CarO)'(\  ? 

21.  Write  the  reaction  of  AfnOg  on  HCl  +  ilg,' assuming  that  MnCl^  is 
first  formed  and  subsequently  decomposed  by  the  heat  employed. 

22.  Represent  by  graphic  symbols  the  constitution  of  manganic  and  man- 
ganous  alum.    (§  263.) 

23.  State  the  distinction  between  the  two  classes  of  manganic  compounds, 
and  illustrate  by  representing  the  constitution  of  Mnfi^  first  as  a  normal 
sesquioxide,  and  secondly  as  a  molecular  compound  of  manganous  oxide  and 
manganic  dioxide. 

24.  Compare  the  manganic  compounds  with  the  corresponding  com- 
pounds of  nickel  and  cobalt  Consider  in  this  connection  the  relative 
stability  of  the  substances  compared. 

25.  Represent  the  constitution  of  potassic  manganate  by  a  graphic  symbol, 
and  compare  this  with  the  graphic  symbol  of  potassic  sulphate. 

26.  How  far  does  the  isomorphism  of  the  sulphates  with  the  manganates 
indicate  the  quantivalence  of  the  metallic  radical  in  these  compounds  t 
What  should  you  infer  from  the  great  difference  in  the  stability  of  the  two 
classes  of  salts  in  r^;ard  to  the  sextivalent  condition  of  manganese  1 

27.  Analyze  reaction  [225],  and  show  that  it  turns  on  a  change  of  quanti- 
valence in  the  manganese  atoms. 

28.  Is  it  neoestary  to  assume  a  similar  change  of  quantivalence  in  reae* 
tion  [226] ! 

29.  Represent  the  constitution  of  potassic  permanganate  by  a  graphic  sym- 
bol, both  on  the  assumption  that  the  atoms  are  octivalent  and  also  assuming 
that  they  are  still  sextivalent  Can  you  give  any  reasons  why  one  symbol 
should  be  more  probable  than  the  other  ?    Does  not  the  hct  that  the  per- 
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xoBiigaiiates  are*  more  irtabte  tlfan  the  nilmguiater  faavtf  a  bearing 'on  the 
qnestion  ?*  How  can  yon  reconeile  tlie  isomorphinn  of  the  pennanganatee 
and  tlie  pen^evates,  vianganese  bemg  an*  artiad  and  chlerine  a  periasad 
element) 

'  80.  Write  the  Teaction  when  a  tolntion  of  mangaaoog  chloride  u  boiled 

with  free  nitiic  acid  and  plumbic  dioxide. 

•  •        ". 
31.  How  could  reaction  [227]  be  uaed  to  determine  the  amount  of  iron  in 

a  given  solution  ? 

3SL  What  do  you  r^ard  as  the  chief  chaiacteristic  of  manganese  as  com* 
pared  with  the  allied  metallic  radicals  ?  And  why  does  the  study  of  its 
compounds  have  a  peculiarly  important  bearing  on  chemical  theories  ? 

33.  Does  not  the^  study  .of  the  manganese  compounds  indicate  a  more 
rational  use  of  the  tezsoiaataona  o«f ,  ic^  iUf  and  aU  in  the  nomenclature  ol 
chemistry  ? 

34.  How  may  the  principles  of  the  nomenclature  stated  in  Chapter  X.  be 
extended  so  as  to  express  accurately  the  constitution  of  the  more  complex 
chemical'  cbmpotmds  ?  Give  roles  based  on  your  own  experience,  and  illus- 
trate them  by  examples.  Bear  in  mind;  however,  that,  according  to  this  beet 
usage,  the  Greek  numerals  are  employed^  latiier  than  the  Latin,  as  prefixes. 

Iron. 

35.  Compare  the  native  compounds  of  manganese  and  iron,  and  point  ont 
the  analogies,  as  well  as  the  difierences,  which  you  observe. 

36.  Compare  in  the  same  way  the  native  compounds  of  nickel  and  cobalt 
with  those  of  iron,  i>aying  special  attention  to  the  sulphides  and  arsenidee. 

37:  Compare  the  native' oompounds  of  magneeinm  and  zine  with  those  of 
iron. 

38.  The  mineral  Pisanite  indicates  what  relation  between  iron  and 
copper? 

39.  Why  IB  not  Pyrites  indicated  among  the  ores  of  iron  ?  State  some  of 
the  eiicnmstanoes  on' which  the  value  of  a  bed  ^  iron  ore  depends. 

40.  The  Sp.  Or,  of  Pyrites  is  5.2;  that  of  Marcasite,  4.7;  and  that  of 
Mispickel,  6.2.    Compare  the  molecular  volumes  of  these  minerals. 

41.  Make  a  table  giving  the  synibols  of  the  minerals  isormoiphous  with 
Iron  Pyrites  and '  Marcasite  respectively. 
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tf.  Ei^lain  tb»  tkeoij  of  <1te  ^^BUirt  F«ibm6,"«  wid  «how  thai  the 
foimatioii  of  slagB  of  the  right  fusibility  i*  eaaential'to  the  saocma  of  the 
piooesfl^  and  that  the  proportioii  of  flux  muat  be  d^EBNtttl^/M^iuted  aocoid- 
ing  as  cold  or  hot  blast  is  used. 

43.  The  slag  fonned  both  in  the  bloomaiy  foige.*  and  in  the  puddling 
process  *  is  a  very  fusible  ferrous  silicate,  having  approximately  the  composi- 
tion FefOfSi.  Explain  the  theory  of  these  ptooesses^  and  show  that  the 
great  fosibiKty  of  the  skg  is  an  essential  eonditicm  of  the  production  of 
wrought-iron.  Could  the  loss  of  iron  in  the  slag  be  avoided  ?  How  do  you 
account  for  the  low  quantivalence  of  iron  in  this  product?  To  what  min- 
eral does  it  correspond  in  composition  1 

44.  Explain  the  theory  of-  the  Bessemer  process  *  -for  refining  cast-iron  or 
making  steel,  and  compare  it  with  the  puddling  process.  Consider  especially 
the  effects  of  the  yeiy  high  temperature  attained  in  Bessemer's  converter. 

45.  Compare  the  qualities  of  iron  in  its  three  oenditiouB  of  cast-iron, 
wrought-iron,  and  steeL 

46.  State  4he  differences  between  the  several  varieties  of  cast-iron,  — 
gray,  mottled,  white,  and  spiegeleisen. 

• 

47.  When  white  iron  is  dissolved  in  acid,  all  the  carbon  is  converted  into 
a  volatile  hydrocarbon  oil,  while  under  similar  circumstances  gray  iron 
leaves  a  large  residue  of  graphite.  What  oonclnsion  do  you  draw  from 
these  fieu^ts  ? 

48w  Write  the  reaction  when  iron  bums. 

49.  Write  the  reaction  when  steam  is  passed  over  red-hot  iroiL 

50.  Write  thiB  reaction  when  iron  rusts,  assuttii^,  Ist.  That  the  metal 
draws  the  oxygen  wholly  from  tlie  air ;  2d.  That  water  is  decomposed  and 
ammonia  formed. 

51.  Write  the  reaction  of  an  aqueous  solution  of  carbonic  acid  on  iron, 
assuming  that  no  air  is  present.  What  is  the  nature  of  the  solution  thus 
obtained  (§  189)  ? 

52.  Write  the  reaction  of  dilute  sulphuric  acid  oA  iron,  and  inquire  how 
much  the  acid  should  be  diluted  in  order  to  obtain  the  best  effect  In  pre- 
paring ferrous  sulphate,  why  is  it  best  to  use  ferrous  sulphide  instead  of 
metallic  iron  ? 

53.  Write  the  rational  symbol  of  dipotassio-ferrous  sulphate,  and  compare 
its  constitution  with  that  of  the  isomorphous  ferrous  sulphate  (§  267). 

*  See  Boscoe's  ChemlBtiy  or  Percy's  Metallnzgy. 


396  Q13ESTI02IS  AND  PBOBLEH&  [{ 27i. 

64.  Compare  the  sulphates  of  magnesiiiin,  zmc,  manganese,  and  iron,  as 
regards  the  varying  quantities  of  water  of  crystallization  with  which  the 
several  salts  may  combine. 

65^  Pure  ferrous  nitrate  may  be  obtained  by  dissolving  ferrous  sulphide 
in  dilute  nitric  acid.    Write  the  reaction. 

66.  When  metallic  iron  is  dissolved  in  dilute  nitric  acid,  the  products  are 
fenous  nitrate,  ammonic  nitrate,  and  water.  Write  the  reaction,  and  com- 
pare it  with  the  last 

67.  Write  the  reaction  of  nitric  acid  (common  strength)  on  iron,  assuming 
that  the  products  are  fenic  nitrate  and  nitric  oxide. 

68.  Ferrous  phosphate  is  formed  by  precipitation  on  adding  common  sodic 
phosphate  to  the  solution  of  a  ferrous  i»lt.    Write  the  reaction. 

69.  Ferrous  oxalate  is  obtained  on  adding  ammonic  oxalate  to  a  solution 
of  ferrous  sulphate.    Write  the  reaction. 

60.  Write  the  reaction  which  takes  place  when  sodic  hydrate  is  added  to 
a  cold  solution  of  ferrous  sulphate,  the  air  being  wholly  excluded.  What 
further  change  takes  place  if  the  liquid  is  boiled  in  which  the  precipitate  is 
suspended? 

61.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  ferrous  sul- 
phate, assuming  that  the  precipitate  fixes  two  molecules  of  water. 

62.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferric  sulphate, 
assuming  that  the  constitution  of  the  product  is  analogous  to  that  formed 
when  the  same  reagent  is  added  to  a  solution  of  magnesic  sulphate. 

63.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferrous  chloride, 
firsts  when  the  solution  is  cold  ;  secondly,  when  it  is  boiling. 

64.  Ferric  hydrate  dissolves  in  a  solution  of  acid  potassic  oxalate,  forming 
potassio-ferric  oxalate.  Write  the  reaction.  What  practical  application  may 
be  made  of  it  ? 

66.  Normal  ferric  oxalate  is  precipitated  when  a  slight  excess  of  any  ferric 
salt  is  mixed  with  a  solution  of  ammonic  oxalate.  Write  the  reaction.  The 
precipitated  ferric  oxalate  readily  dissolves  in  a  solution  of  oxalic  acid. 
What  compound  is  probably  formed?  When  this  solution  is  exposed  to 
the  sun,  feirrcus  oxalate  is  precipitated,  and  CO^  is  evolved.  Write  the  re- 
action. 

66.  A  solution  of  ferrous  carbonate  in  ((70,  -|-  ^^)  deposits,  when  exposed 
to  the  air,  a  hydrate  having  the  composition  of  Limonite.  Write  the  reac^ 
tion.   Under  what  circumstances  might  you  expect  that  a  solution  of  fenous 
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carbonate  would  be  fonned  in  nature^  remembering  that  the  soil  contains 
more  or  less  fenic  hydrate  ?  Under  what  circumstances  would  Siderite  be 
deposited  from  such  chalybeate  waters  (f  189)  ?  Can  you  form  any  theoiy 
which  accounts  for  the  formation  of  beds  of  Siderite  (clay  iron-stone)  in 
connection  with  the  coal  measures? 

67.  Make  a  table  of  the  possible  ferric  hydrates,  and  point  out  the  rela- 
tions of  the  native  hydrates  in  your  scheme. 

68.  By  means  of  the  table  made  as  just  directed,  show  in  what  relation 
the  different  native  sulphates,  phosphates,  and  arseniates  stand  to  the 
hydrates. 

69.  Make  a  table  illustrating  how  many  nitrates,  sulphates,  or  phosphates 
may  be  formed  corresponding  to  any  one  of  the  possible  hydrates. 

70.  Represent  by  graphic  symbols  the  constitution  of  the  basic  sulphate 

71.  When  to  the  solution  of  a  ferric  salt  an  alkali  is  added  until  it  begins 
to  occasion  a  permanent  precipitate,  and  the  solution  is  then  ndsed  to  the 
boiling  point,  the  whole  or  the  greater  part  of  the  iron  is  precipitated  as  an 
insoluble  basic  salt    How  do  you  expbdn  the  reaction  ? 

72.  Starting  with  a  molecule  of  a  ferric  salt,  show  what  products  would 
result  by  the  assimilation  of  successive  molecules  of  ferric  hydrate.  Again, 
starting  with  one  or  more  of  the  complex  molecules  thus  obtained,  and 
eliminating  all  the  possible  molecules  of  water,  show  what  must  be  the 
constitution  of  the  basic  salts  which  would  then  be  formed. 

73.  Have  you  observed  that  the  solubility  of  salts  in  water  has  any  con- 
nection with  the  number  of  atoms  of  typical  hydrogen  they  contain  ?  Cite 
examples  in  favor  of  this  theory. 

74.  Cite  different  cases  in  which  water  is  eliminated  from  a  molecule  on 
boiling  the  liquid  in  which  the  compound  is  dissolved  or  suspended. 

75.  When  anhydrous  ferrous  sulphate  is  heated  to  redness,  as  in  the  pro- 
cess of  making  Nordhausen  sulphuric  acid  (§  183),  it  is  resolved  into  ferric 
oxide  and  into  sulphurous  and  sulphuric  anhydrides.    Write  the  reaction. 

76.  The  Nordhausen  acid  is  now  more  frequently  made  by  distilling  an- 
hydrous/nrtc  mUphate*  Write  the  reaction,  and  show  how  the  sulphate  may 
be  regenerated,  and  the  same  oxide  used  over  and  over  again. 

77.  How  could  the  reactions  [231]  and  [227]  be  used  to  determine  the 
relative  amounts  of  the  two  iron  radicals  in  a  given  mineral,  assuming  that 
it  could  be  brought  into  solution  without  changing  the  atomic  condition  of 
the  metal  ? 
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78.  Boric  carbonate  precipitatoB  all  the  iron  from  ferric^  but  not  anj  of 
the  metal  from  fiNTous  8olutioD&  Moreover,  ferrous  hydrate  precipitates 
ferric  hydrate  from  the  solutioBS  of  fenic  aalts.  Write  these  reactionsi  and 
discuss  the  different  reLations  of  the  two  iron  radicals  to  which  thej  point 

79.  By  what  characteristic  reactions  may  the  atomic  condition  of  iron, 
when  in  solution,  be  easily  determined  7 

80.  Can  one  condition  of  iron  be  said  to  be  more  stable  abiokUely  than  the 
othefff 

81.  What  two  wholly  distinct  relationships  does  iron  manifest?  Trace 
the  lines  of  connection  in  each  case.  Point  out  also  the  specific  characters 
by  which  iron  is  related  to  each  member  of  the  two  groups  of  allied  elements. 

■ 

82.  By  what  character  is  iron  chiefly  marked? 

83.  Compare  the  reaction  of  (HCl  -f  A^  on  Nifi^f  COfO^y  Mn^O^,  ^^O^y 
and  show,  that  the  differences  depend  on  the  j^lative  otabilit^  of  the  sextiva- 
lent  radicals. 

84.  In  what  way  may  magnesium,  zinc,  nickel,  cobalt,  and  manganese  be 
separated  frx)m  aluminum,  chromium,  and  iron? 

85.  Is  there  any  reason  for  believing  that  in  crystallized  ferric  chloride 
the  water  forms  a  part  of  the  salt  molecule  ?  Write  the  reaction  which 
takes  place  when  the  salt  is  heated. 

86.  Does  the  Sp.  Qr.  of  anhydrous  fenie  chlonde  tiuowanyJight  on  the 
constitution  of  the  ferric  salts  ? 

87.  Write  the  reactions  of  Iil®l  and  of  (91-(^  on  ignited  metallic  iroiL 
Why  should  a  ferrous  compound  be  formed  in  the  first  case,  when  a  feme 
compound  is  formed  in  the  second  ? 

88.  When  MnO^  is  melted  into  glass  colored  green  by  ferrous  oxide,  the 
color  is  either  wholly  removed,  or,  when  originally  very  deep,  is  changed  to 
yellow.  How  do  you  explain  this  reaction,  and  also  the  other  fftTnilmr  blow- 
pipe reactions  of  ferric  oxide  with  a  borax  bead. 

89.  Ferric  oxide,  obtained  by  drying  the  hydrate  at  a  temperature  not 
exceeding  320°,  dissolves  easily  in  acids  ;  but  if  heated  to  a  low  red  heat, 
it  suddenly  glows,  becomes  denser,  and,  after  this,  dissolves  in  acids  with 
difficulty.  Are  you  acquainted  with  similar  facts  in  regard  to  any  other 
metallic  oxides  ?  It  is  observed  that  the  ignited  oxide  dissolves  without 
difficulty  in  (HCl  +  il^)  when  the  action  is  aided  by  ferrous  chloride,  zinc, 
stannous  chloride,  or  some  other  ledacing  ageoti  How  do  you  explain  the 
reaction? 
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90.  Write  the  reaction  when  FeS^  is  burnt  in  a  current  of  air,  assuming 
that  the  products  are  Fe^O^  and  SO^,  and  calculate  how  much  sulphuric  acid, 

Sp,  Or,  1.501,  can  be  made  from  1,000  kilo,  of  Pyrites. 

.  « 

91.  In  one  process  of  purifying  coal  gas,  the  H^  is  absorbed  by  moist 
feme  pzije,'i«iid  the,  «qlphido  thuA.  formed  ia  subsequently  ejcpoaed  ;to  the 
air,  lybe^  ^&  oxide  is  !*  negener^ute^."    ExpUiu  the  reaction. 

92.  Pyrites  Appears  to  be  formed  in  nature  by  the  deoxidation  of  calcic 
sulphate  by  means  oi  organic  matter  in  pres^tce  of  chalybeate. waten,  and 
crystals  have  been  formed  artificially  on  twigs  in  solntions  of.  feirous  sul* 
phate.    Explain  the  reaction. 

93.  When  SO^  is  passed  through  an  alkaline  solution  of  potaasic  ferrate, 
ferric  oxide  is  precipitated,  while  potassic  sulphate  is  formed  in  the  solution. 
Writ6'  th<3  reaction,  and  show  that  it  may  be  used  to  determine  the  oomstita- 
tioA  of  the  lecrates.    . 

94  Point  out  the  ferrous  and  ferric  compounds  among  the  symbols  in 
§  264,  and  determine  in  each  case  the  ratio  which  the  quantivalence  of  the 
acid  radical  bears  to  that  of  the  basic  radicals,  both  J^  and  [/2J.* 

96.  The  slag  of  a  blast-furnace  is  easentially  a  double  silicate  of  aluminum 
fmd  calcium,  in  which  the  total  quantivalence  of  the  two  basic  radicals,  Cc^ 
and  lAl^  is  in  the  ratio  of  one  to  two.  In  the  less  fusible  slags  the  total 
quantivaJence  of  all  the  basic  radicals  is  equal  to  that  of  the  silicon,  while 
in  the  most  fusible  slags  it  is  only  one  half  of  that  amount  Write  the  sym- 
bols of  these  silicates,  assuming  (as  ia  usually  the  oaae)  that  the  .calcium  is 
partially  leplaeed  by  magnwsium  and  iion.*  *. 

*  If  found  too  difficult,  those  quastions  nay  be  reaerv^  untQ  Division  XXIX.« 
on  Silicon,  has  been  studied. 
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DIYISION  XV. 

273.  CHROBOnM.  Cr  =  52.2.  —  Sometimes,  although  melj, 
biyalent.  Usually  either  quadrivalent  or  sextivalent  Many  of  the 
compounds  of  this  element  have  a  brilliant  color,  and  are  used  as 
paints,  and  the  name  is  derived  from  -xpS^iua.  (color).  The  only  im- 
portant native  compounds  are 

Chromite  (Chrome  Iron),       Isometric,  Fe,[Cr^^O^ 

Crocoite,  Monoclinic,         PbK>^CrO^ 

The  first  is  the  ore  from  which  aU  the  chrome  pigments  used  in  the 
arts  are  indirectly  prepared.  It  has  an  iron-black  color,  and  has  been 
found  in  abundance  at  a  few  localities,  associated  with  serpentine. 
The  second,  although  a  very  rare  mineral,  is  well  known  on  account 
of  its  brilliant  red  color,  and  in  it  the  element  chromium  was  first  dia- 
cevered  (by  Vauquelin  in  1797). 

274.  Metallio  Chromium  may  be  prepared  by  reducing  Crfi^  with 
carbon  at  a  very  high  temperature,  and  still  more  readily  by  reducing 
Crfil^  with  zinc,  magnesium,  or  the  alkaline  metals.  On  account  of 
its  very  great  infusibility,  it  has  never  been  obtained  in  compact  masses, 
and  its  qualities  are  therefore  imperfectly  known.  The  whitish-gray 
porous  mass,  formed  when  the  oxide  is  reduced  by  carbon,  has  a  Sp, 
Gr.  of  5.9.  It  is,  like  cast-iron,  a  combination  of  the  metal  with 
carbon,  and  consists  of  grains,  which  are  as  hard  as  Corundum.  The 
crystalline  powder,  obtained  by  reducing  the  chloride  with  zinc,  has  a 
Sp.  Gr.  of  6.81,  and  is  undoubtedly  a  purer  condition  of  the  metaL 
When  in  fine  powder,  chromium  takes  fire  below  redness  j  but  in  its 
more  compact  forms  it  resists  oxidizing  agents  as  well  as  aluminum, 
and  acts  towards  the  different  mineral  acids  in  a  similar  way. 

275.  Chromoiu  Compounds.  —  This  class  includes  all  those  com- 
pounds of  chromium  in  which  the  element  is  bivalent ;  but,  since  its 
atoms  in  this  condition  have  still  four  strong  affinities  unsatisfied,  the 
compounds  of  this  order  are  all  very  unstable.  The  most  important  is 
CrCTj,  which  is  obtained  by  heating  Crfil^  to  redness  in  a  current  ol 
dry  hydrogen.  The  white  powder  thus  formed  gives  a  blue  solution 
with  water,  which,  however,  mpidly  absorbs  oxygen,  and  becomes  green 
when  exposed  to  the  air.    Chromous  hydrate,  which  falls  as  a  dark 
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brown  precipitate  on  adding  caustic  potash  to  the  bine  solution,  eyen 
decomposes  water  with  evolution  of  hydrogen.  The  most  stable  of  the 
chromous  salts  is  K^  (MO^SO^ .  6  H^O^  which  forms  beautiful  blue 
crystals  isomorphous  with  the  corresponding  ferrous  salt 

276.  Chromic  Ck^mponnda.  —  In  these  compounds  the  element  is 
quadrivalent,  but  they  all  contain  the  seztivalent  radical  [Cr^  The 
commercial  chromic  oxide  is  a  brilliant  green  powder,  which  is  very 
much  used  in  the  arts,  not  only  as  a  common  paint  (chrome  gn:een), 
but  also  as  a  vitrifiable  pigment,  since  it  imparts  a  beautiful  green  color 
to  glass  and  to  the  glazing  of  porcelain  ware.  It  may  be  prepared  from 
the  chromates  in  a  great  variety  of  ways,  as  is  illustrated  by  the  fol- 
lowing reactions :  — 

4  [H&]-0,-CrO,  =  2  [CrJO,  +  8  DBg  +  5  (fiHS.  [233] 

(NH,),O^Cr,05  =  [CrJO,  +  4  SI,®  +  33^53.  [234] 

4  Ore®,  ,®1,  =  2  [Cr JiO,  +  401-01  +  ®»®.  [235] 

K,«0,-Cr A  +  ®1-<31  =  [CrJiO,  +  2  KCl  -f  2  ®<©.  [236] 

The  first  two  reactions  are  obtained  by  simply  igniting  the  solid  chro- 
mates ;  the  third,  by  passing  the  vapor  of  chloro-chromic  oxide  through 
a  red-hot  porcelain  tube ;  and  the  last,  by  passing  chlorine  gas  over 
ignited  potassic  dichromate.  By  the  third  reaction  the  oxide  may 
be  obtained  in  definite  rhombohedral  crystals  {Sp.  Or,  5.21),  which 
have  the  form  and  hardness  of  specular  iron,  and  even  the  amorphous 
commercial  oxide  is  so  hard  that,  when  finely  levigated,  it  may  be  used 
like  rouge  for  polishing  glass.  In  this  hard  condition  the  oxide  is 
almost  insoluble  in  acids.  There  is,  however,  a  less  dense  condition 
of  the  oxide  (obtained  by  cautiously  heating  the  hydrate),  which  dis- 
solves freely  in  all  the  mineral  acids.  It  has  a  darker  color,  and,  like 
ferric  oxide,  changes  suddenly  with  incandescence  into  the  insoluble 
modification,  if  heated  above  a  definite  point  At  the  highest  temper- 
atures chromic  oxide  does  not  lose  oxygen,  and  cannot  be  reduced  by 
hydrogen.  It  may  be  melted  by  the  heat  of  a  forge  fire,  and  the  molten 
oxide  forms,  on  cooling,  a  very  hard  dark  green  crystalline  solid. 

There  are  a  number  of  ehromie  hydrates  corresponding  to  the  ferric 
hydrates ;  but  the  different  compounds  cannot  be  isolated  as  readily, 
and  their  symbols  have  not  been  as  accurately  determined.  When 
sodic  or  potassic  hydrate  is  added  to  the  solution  of  a  chromic  salt,  the 
chromic  hydrate  first  precipitated  is  dissolved  by  an  excess  of  the  re- 
agent, but  the  precipitate  reappears  on  boiling  the  liquid.    These  pre- 
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cipitates  retain  a  portion  of  the  alkali,  which  modifies  the  qnalities  of 
the  hydiate,  and  this  circumstance  lenders  the  inyestigation  of  these 
oompotmds  Tery  difficult.  The  only  way  to  procure  a  pure  hydrate  is 
to  precipitate  with  ammonia  from  hoiling  solutions.  The  light  blue 
precipitate  thus  obtained  retains  from  one  to  seven  molecules  of  water, 
according  to  the  conditions  under  which  it  is  dried. 

The  soluble  chromic  salts  affect,  as  a  rule  at  least,  two  modifications. 
In  one  state  they  have  a  violet  color,  and  crystallise  more  or  less  readOy, 
while  in  the  other  they  have  a  green  eolor,  and  are  uncrystallizable. 
Thus  we  have,  besides  an  anhydrous  chromic  sulphate,  which  is  red 
and  insoluble,  the  two  following  hydrous  salts : — 

Violate  Sulphate  (soluble  and  cryst.),    [Cr^JO^SO^^ .  16  E^O 
Green        "       (soluble  but  uncryst.),  [Cr^'^O^SO^)^ .  5  Bfi 

The  second  is  obtained  by  heating  the  crystaLs  of  the  first  to  100^. 
But  the  water  thus  driven  off  cannot  be  wholly  water  of  crystallization ; 
for  on  simply  boiling  a  solution  of  the  violet  compound,  the  same 
change  of  color  and  crystalline  character  takes  place.  There  is  evi- 
dently an  essential  alteration  in  the  molecular  structure  of  the  com- 
pound, but  further  than  this  we  have  as  yet  no  knowledge. 

The  best  known  of  the  chromic  salts  is  i^r&me  alum,  which  is  easily 
prepared  from  commercial  potassic  bichromate  by  the  reaction, 

{K^^O^<!r^O,  +  H^-O^-SO^  +  3  50,  +  Aq)  = 

(Ai,[C7rjTiu 03^(50^,  +  Bfi  -f  Aq).    [237] 

This  salt,  like  the  other  alums,  crystallizes  with  24  H^O  in  octahe- 
drons having  a  dark  purple  (nearly  black)  color,  but  which,  when 
sufficiently  thin,  transmit  a  beautiful  ruby-red  tint.  Care  must  be 
taken  in  reducing  the  chromate  that  the  temperature  of  the  solution 
does  not  rise  too  high,  for  above  70°  or  80°  the  change  above  described 
takes  place,  and  the  salt  loses  its  power  of  crystallizing.  By  keeping, 
however,  the  green  solution  thus  formed  for  several  weeks,  it  gradually 
recovers  its  violet  color,  and  then  will  yield  the  normal  crystals. 

277.  The  Chromio  Oxalates  form  two  interesting  series  of  double 
salts.  Those  of  the  first  class  have  a  dark  blue,  and  those  of  the 
second  class  a  ruby-red  color.     Thus  we  have 

Blue  Salt,  K^y[ OJ«ii O^^iCfi^)^  .%H^0 

Red  Salt,  K^iOr;[^O^iVi{G^O^^ .  8  Hfi  or  12  Efi 
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Ammonia  gives  no  precipitate  in  solutions  of  these  salts,  neither  does 
potassic  hydrate,  until  they  aie  boiled.  Corxesponding  compounds  are 
known  containing  {NH^^,  Na^  Ba^  Sr,  Ca,  or  Jfyy  in  place  of  K^ 
but  with  vaiying  quantities  of  water  of  crystallization. 

278.  Chromic  Nitrate  may  be  obtained  in  dark  purple  crystals 
having  the  composition  [CVJiO^iV^Oj)^ .  18  jfi^O,  by  dissolving  chro- 
mic hydrate  in  nitric  acid ;  but  the  solution  becomes  green  and  uncrys- 
tallizable  if  heated  beyond  a  limited  degree, 

279.  Chromic  Chloride,  [Cr^tCl^,  is  prepared  by  passing  chlorine 
gas  through  an  intimate  mixture  of  chromic  oxide  with  carbon,  heated  to 
intense  redness  in  a  crucible,  when  the  chloride  sublimes  and  may  be 
condensed  in  a  second  crucible  covering  the  mouth  of  the  first.  It 
forms  nacreous  scales  which  have  a  beautiful  peach-blossom  color,  and 
resist  the  action  of  the  strongest  acids.  They  are  insoluble  in  cold 
water,  and  even  in  boiling  water  only  dissolve,  if  at  all,  very  slowly ; 
but  singularly,  on  the  formation  of  the  smallest  quantity  of  chromous 
chloride,  (as  when  touched  with  zinc,)  they  dissolve  immediately,  gen- 
erating much  heat,  and  forming  a  green  solution  identical  with  that 
obtained  by  dissolving  chromic  hydrate  in  hydrochloric  acid.  A  solu- 
tion of  the  corresponding  violet  chloride  may  be  formed  by  adding  baric 
chloride  to  a  solution  of  the  violet  sulphate ;  and  it  is  worthy  of  no- 
tice, that,  while  from  this  last  solution  argentic  nitrate  precipitates  the 
whole  of  the  chlorine,  it  precipitates  from  a  solution  of  the  green  com- 
pound only  one  third  of  its  chlorine,  unless  the  liquid  is  boiled.  Green 
crystals  having  the  composition  [(7rJ Cl^.  12 Hfi  have  been  described, 
and  compounds  of  chromic  chloride  with  the  alkaline  chlorides  are  also 
known. 

Besides  occurring  in  the  remarkable  modifications  described  above, 
most  of  the  chromic  salts  manifest  a  strong  tendency  to  form  basic 
compounds,  but  the  principle  which  they  illustrate  has  been  already 
sufficiently  discussed  (§  268). 

280.  Chlorhydrines.  —  When  hydrated  chromic  chloride  is  dried, 
it  gives  off,  as  the  temperature  increases,  both  water  and  hydrochloric 
acid,  and  compounds  are  formed  which  occupy  an  intermediate  position 
between  chromic  chloride  and  chromic  hydrate,  and  may  be  regarded  as 
derived  from  the  former  by  replacing  one  or  more  atoms  of  chlorine 
with  hydroxyL     Thus  we  have 

Chromic  Chloride,  [CV-jC'Zg 

Chromic  Pentarchlorhydiine,  \Cr^lv  Bo  .  4  Hfi 
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Chromic  TetnH^hlorhydrine,  [Or^^^  Ho^ 

Chromic  Dichlorhydrine,  [Or^l^Ho^ 

Chromic  Hydrate,  [Cr^Ho^ 

The  name  ehlarhydrines  is  now  generally  applied  to  bodies  of  this 
class,  and  it  can  easily  be  seen  that  they  may  be  formed  from  water 
and  the  anhydrous  chlorides  by  a  simple  metathesis.  The  compounds 
whose  symbols  are  given  in  §  435  may  be  regarded  as  having  a  similar 
constitution,  and  the  same  is  true  of  many  other  oxychlorides,  oxyflu- 
orides,  &c. 

281.  Chromates  or  CompouncUi  in  ^vhioh  Chrominm  ia  SeactiTa- 
lent.  —  These  are  the  most  characteristic  and  important  of  the  com- 
pounds of  this  element,  and  the  best  known  of  all  is  potasnc  dichromaief 
which  is  manufactured  on  a  large  scale  in  the  arts,  and  extensively 
used  both  in  dyeing  and  in  the  preparation  of  various  chrome  pigments. 
It  is  made  from  native  chrome  iron,  which  is  reduced  to  fine  powder 
and  roasted  on  the  hearth  of  a  reverberatory  furnace  with  a  mixture  of 
chalk  and  potassic  carbonate.  The  mixture  is  constantly  stirred  to 
hasten  the  oxidation,  and  the  chalk  facilitates  the  change  by  retaining 
the  mass  in  a  porous  condition.  From  the  product,  water  dissolves 
yellow  potassic  chromate,  which  is  easily  converted  into  the  red  di- 
chromate  by  the  addition  of  nitric  acid,  and  the  salt  is  then  separated 
and  purified  by  repeated  crystallizations.  There  are  three  potassic 
chromates,  all  of  which  yield  anhydrous  crystals  easily  soluble  in 
water. 

Potassic  Chromate  (Yellow),  K^O^rO^ 

Potassic  Bichromate  (Orange  Red),  K^O^r^O^ 

Potassic  Trichromate  (Dark  Red),  Ki^O^Or^O^ 

The  normal  salt  is  isomorphous  with  potassic  sulphate.  It  melts 
when  heated,  and  is  not  decomposed  by  simple  ignition ;  but  when 
heated  with  reducing  agents  it  yields  chromic  oxide  mixed  with  some 
potassic  salt.  When  in  solution  it  has  an  alkaline  reaction,  and  is 
converted  into  the  dichromate  by  the  weakest  acids.  The  dichromate 
also  fuses  without  decomposition,  but  when  heated  to  a  high  tempera- 
ture it  is  converted  into  the  normal  salt  and  chromic  oxide.  In  solu- 
tion it  has  an  acid  reaction,  and  on  the  addition  of  potassic  hydrate 
changes  to  the  normal  salt.  Both  salts  possess  great  coloring  power. 
The  trichromate  has  merely  a  theoretical  interest 

In  another  process  of  manufacturing  the  commercial  chromates  the 


{ 281.]  CHBOMIUlf.  405 

• 
chiome  ore  is  simply  roasted  with  lime.    There  is  thus  formed  the 

normal  ealde  ehT<maJt€^  which,  although  itself  only  slightly  soluble 
in  water,  is  converted  by  digestion  with  dilute  sulphuric  acid  into  a 
dickrcmatef  which  is  very  soluble,  and  from  this  solution  the  other 
chromate  may  be  easily  obtained  by  simple  metathetical  reactions. 
The  chromates  both  of  calcium  and  strontium  dissolve  readily  in  dilute 
acetic  acid,  while  baric  chromate  is  insoluble  in  this  reagent ;  and  on 
this  fact  is  based  an  important  method  of  qualitative  analysis. 

There  are  two  plun^bic  chromates,  which  are  not  only  important 
pigments  and  dyes,  but  are  also  interesting  theoretically.  Their  sym- 
bols are  usually  written  thus : — 

Plumbic  Chromate  (Chrome  Yellow),        PlrO^-OrO^ 
Diplumbic     "         (Chrome  Orange),         (PlrO-PhyO^'OrO^ 

The  first  falls  as  a  brilliant  yellow  precipitate  when  a  soluble  chromate 
is  added  to  a  solution  of  plumbic  acetate,  and  corresponds  to  the  min- 
eral Crocoite.  It  melts  at  a  moderate  heat,  forming  on  cooling  a  red 
crystalline  solid  j  but  when  strongly  ignited  it  is  decomposed,  and  a* 
mixture  of  the  second  compound  with  chromic  oxide  is  the  result. 
The  diplumbic  chromate  has  a  deep  orange  or  red  color,  according  to 
the  mode  of  preparation.  The  finest  vermilion-red  is  made  by  fusing 
the  yellow  chromate  with  nitre,  and  washing  out  the  potassium  salt 
with  water,  while  an  orange  color  is  obtained  in  dyeing  by  passing  the 
doth  through  boiling  lime-water,  after  chrome  yellow  has  been  fixed 
in  its  fibres  by  steeping  it  successively  in  solutions  of  plumbic  acetate 
and  potassic  bichromate. 

Several  other  metallic  chromates,  which  are  easily  prepared  by  pre- 
cipitation, are  used  in  painting ;  but  the  coloring  power  of  the  chrome 
pigments  is  so  great  that  they  are  frequently  adulterated  with  chalk  or 
some  similar  white  material,  and  the  tint  is  varied  by  mixing  them 
with  other  paints.  One  variety  of  chrome  green  is  a  mixture  of  chrome 
yellow  with  Prussian  blue. 

The  chromates  are  oxidinng  agents,  and  fused  plumbic  chromate  is 
sometimes  used  for  this  purpose  in  organic  analysis.  When  heated 
with  strong  sulphuric  acid  they  evolve  oxygen  gas  [116] ;  with  hydro- 
chloric acid  they  evolve  chlorine,  and  in  both  cases  chromic  salts  are 
formed. 

From  the  chromates  we  can  easily  prepare  ckromic  anhydride,  OrO^, 
and  the  comparative  stability  of  this  compound  illustrates  most  mark- 
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• 
edlj  the  chief  ehanctezutic  of  the  element  cfaiomianL    The  anhydride 

is  moat  readiljohtained  hy  pouing  one  measose  of  a  Httoiated  solution 
of  potaasic  dichiomate  into  one  and  a  half  meaaoiea  of  ooncentiated 
tolphuric  acid.  Aa  the  liquid  coola,  chromic  anhydride  dystallizes 
from  it  in  splendid  crimson  needles.  This  heantiful  compound  is  per- 
manent in  the  air,  and  melts  at  190^  without  undergoing  decomposi- 
tion ;  hat  at  a  higher  temperature  it  giTes  off  oxygen  gas,  changing 
first  into  an  intermediate  hrown  oxide,  Cr^O^,  and  afterwards  into 
Or^O^.  It  deliquesces  in  moist  air,  and  dinolves  in  water  in  all  pro- 
portions. This  solution  may  he  regarded  as  chromic  add,  hut  the 
solution  on  evaporation  yields  crystals  of  the.  anhydride,  and  we  have 
no  evidence  that  a  definite  compound  is  formed.  It  is  a  very  power- 
ful oxidizing  agent,  and  ahsolute  alcohol  infiames  when  hrought  in 
contact  with  the  crystals. 

Cblorooluromio  Ozida,  CtiO^y  C2,,  a  compound  of  the  same  type  aa 
the  last,  is  distilled  when  a  mixture  of  potassic  dichromate,  common 
salt,  and  sulphuric  acid  is  heated  in  a  glass  retort  It  is  a  blood-red 
volatile  liquid,  boiling  at  118°,  and  yielding  a  vapor  whose  S)).  ®r. 
(5.52)  can  be  easily  determined.  It  is  at  once  decomposed  by  water 
into  hydrochloric  acid  and  chromic  anhydride,  and,  like  the  last,  is  a 
powerful  oxidizing  agent ;  but  it  is  chiefly  interesting  from  its  theo- 
retical bearings.  The  existence  also  of  OrCl^  and  OrCl^  has  been  in- 
ferred from  certain  reactions,  but  they  have  never  been  isolated. 

When  potassic  dichromate  is  dissolved  in  moderately  strong  hydro- 
chloric acid  at  a  gentle  heat,  there  separate,  on  cooling,  beautiful 
orange-colored  needles  of  a  salt  whose  composition  may  be  repre- 
sented by  the  symbol  OnO^,Cl,KO,  or  K-OiCf^O^.Ol),  and  an- 
other compound  has  been  obtained  whose  symbol  has  been  written 
CfiOif  CljHo .  2 HjOL    Their  theoretical  relations  are  obvious. 

Another  interesting  compound  belonging  to  the  type  of  chromic 
anhydride  is  the  fiuoride  OrF^.  It  distils  when  a  mixture  of  fluor- 
spar, plumbic  chromate,  and  sulphuric  acid  is  heated  in  a  leaden 
retort,  and  may  be  condensed  (in  a  perfectly  dry  leaden  receiver  kept 
at  a  very  low  temperature)  to  a  blood-red  liquid ;  but  the  moment  it 
comes  in  contact  with  moist  air  it  is  decomposed  into  hydrofluoric  acid 
and  chromic  anhydride,  and  this  reaction  is  one  means  of  preparing 
the  anhydride  in  a  state  of  purity. 

Lastly,  there  appears  to  be  a  perchromic  acid  corresponding  to  the 
permanganic  acid.    The  compound  in  question  is  formed  when  to  a 
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flolution  contaiiiing  peroxide  of  hydrogen  and  free  hydiochlorio  or 
sulphuric  acid  is  added  a  small  quantity  of  some  chromate.  On  shak- 
ing up  the  mixture  with  a  few  drops  of  ether,  this  solvent  acquires  a 
deep  blue  color,  which  is  supposed  to  be  due  to  perchromic  acid,  and 
the  reaction  serves  as  a  veiy  delicate  test  for  chromium. 

282^  Sulphides. -—The  aolphides  of  chromium  are  unimportant 
The  black  precipitate  fonned  when  ammonic  sulphide  is  added  to  the 
solution  of  a  cbromous  salt  is  probably  OrS,  A  sesquisulphide^  C7r^3, 
may  also  be  obtained  aa  a  black  powder  by  passing  H^  over  ignited 
Cr^Cl^.  Like  aluminic  sulphide,  it  is  decomposed  by  water,  and  can- 
not, therefore,  be  formed  in  an  aqueous  solution. 


QUESTIONS  AND  PBOBLEMS. 

1.  In  what-  order  would  you  classify  the  elements  allied  to  chromium, 
regarding  only  the  stability  of  the  compounds  in  which  they  act  as  bivalent 
radicals  I    Make  a  table  iUustrating  this  point 

S.  In  what^  order  would  you  classify  the  same  elements,  regarding  alone 
the  stability  of  the  severs!  radicals  [iZJ?  Compare  the  qualities  of  the 
several  oxides  and  chlorides  of  these  radicals. 

3.  What  is  the  chief  chemical  characteriBtic  of  chromium  7  and  how  is  this 
illustrated  by  reactions  [233  to  236]  ? 

4.  Can  you  form  any  theory  as  to  the  cause  of  the  difference  between  the 
blue  and  green  modifications  of  the  chromic  salts  f    Compare  §  268. 

5.  Blue  chromic  oxalate  is  made  by  boiling  a  solution  of  19  parts  of  po- 
tassic  dichromate,  23  of  potassic  oxalate,  and  55  of  crystallized  oxalic  add. 
The  red  salt  is  made  in  the  same  way  with  19  parts  of  the  dichromate,  and 
55  of  oxalic  acid  onfy.    Write  the  reactions. 

6L  What  inference  would  yon  draw  &om  the  peculiar  reactions  of.  chromic 
chloride  1 

7.  Explain  the  two  methods  of  making  potassic  dichromate,  and  illustrate 
the  processes  by  reactions. 

8.  Represent  by  gni^c  symbols  the  constitution  of  the  three  potassic 
chromates. 

9.  The  plumbic  chromates  may  all  be  represented  as  containing  the  radi- 
cal ((^P&ft),  including  the  very  rare  mineral  PhcBnicochroite,  which  contains 
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23.1%  OrO^  and  76.9%  PhO.  Write  the  BymboLi  of  the  three  chiomates  on 
this  OBSumption,  and  weigh  their  prohability  as  compared  with  those  given 
above.  Compare  the  reactions  of  the  plumbic  with  those  of  the  potassic 
salts,  and  consider  what  bearing  the  general  isomorphism  of  the  chromates 
with  the  sulphates  has  on  the  question  (§  205). 

10.  Illustrate  by  reactions  the  method  of  dyeing  doth  with  chrome 
orange. 

11.  Write  the  reaction  of  strong  hydrochloric  acid  on  potassic  dichro- 
mate,  assuming  that  the  principal  products  are  chromic  chloride  and  chlo- 
rine gas. 

12.  When  H^S  is  passed  through  a  solution  of  potassic  dichromate  super- 
saturated with  sulphuric  add,  sulphur  is  predpitated,  and  the  color  changes 
from  red  to  green.    Write  the  reaction. 

13w  A  solution  of  potasdc  dichromate  supersaturated  with  sulphuric  add 
IB  much  used  instead  of  nitric  add  in  the  porous  cup  of  the  Grove  or  the 
Bunsen  voltaic  cell  (§  97).    What  is  the  theory  of  its  action  f 

14.  When  a  solution  of  potassic  dichromate  supersaturated  with  sulphuric 
add  is  boiled  with  oxalic  acid,  aU  the  chromic  acid  is  reduced  to  the  con- 
dition of  a  chromic  salt,  and  an  equivalent  amount  of  CO^  is  set  free.  Write 
the  reaction,  and  show  how  it  may  be  used  to  determine  the  quantity  of 
OrO^  in  the  dichromate. 

15.  The  chromium  in  a  soluble  chromate  may  also  be  estimated  as  sesqui- 
ozide.  By  what  reactions  may  this  oxide  be  separated  in  a  condition  to  be 
accurately  weighed  t 

16.  How  may  potasdc  chromate  be  used  to  separate  barium  from  caldum 
and  strontium  f 

17.  It  has  been  found  by  careful  experiment  that  10  grammes  of  chromic 
anhydride  yidd  7.6048  grammes  of  chromic  oxide.  We  know  also  the  Sp. 
Or.  of  chlorochromic  anhydride,  and  that  this  compound  when  brought  in 
contact  with  water  undergoes  the  change  described  above.  Deduce  the 
atomic  weight  of  chromium,  and  state  the  steps  in  your  reasoning. 

18.  Write  the  reaction  by  which  chlorochromic  oxide  is  obtained  in  the 
reaction  described  in  the  text.  It  may  also  be  made  by  distilling  in  a 
small  retort  a  dry  mixture  of  ferric  chloride  and  chromic  oxide.  Write  the 
reaction. 

19.  What  is  the  relation  of  the  compound  KOrO^Cl  to  potasdc  chromate 
on  the  one  dde,  and  chlorochromic  oxide  on  the  other  ? 
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SO.  Write  the  leaction  by  which  OrF^  is  obtained  in  the  reaction  described 
above.  It  may  also  be  prepared  by  distilling  a  mixture  of  potassic  dichro- 
mate,  ammonic  fluoride,  and  sulphiiric  acid.    Write  the  reaction. 

81.  Chromic  fluoride  is  decomposed  by  glass,  and  for  this  reason  we  have 
not  been  able  to  analyze  it,  or  to  determine  the  density  of  its  vapor  satis- 
factorily. Its  constitution  is  inferred  from  the  products  of  its  reaction  with 
water.    Is  the  conclusion  trustworthy  ? 

82.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  chrome 
alum. 
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ALTJMIMUM. 


Cissa. 


DIVISION  XVI, 

283.  ALUMZKnc  Al  =  27.  —  Quadrivalent,  but  its  compounds 
all  contain  the  double  atom  [Al^  =  54,  which  is  a  sextivalent  radicaL 
A  very  widely  distributed  element^  and,  aftei  oxygen  and  silicon,  the 
most  abundant  constituent  of  the  rocky  crust  of  the  globe,  of  which  it 
has  been  estimated  that  it  forms  about  one  twelfth.  It  occurs  chiefly 
in  combination  with  oxygen  and  silicon,  and  most  of  the  silicious 
minerals  and  rocks,  when  not  pure  silica,  contain  aluminum  as  an 
essential  ingredient.  For  a  Ml  enumeration  of  the  aluminum  min- 
erals, the  student  must  consult  works  on  mineralogy.  The  following 
list  comprises  only  such  of  the  more  characteristic  native  compounds 
as  illustrate  the  chemical  relations  of  the  element. 


Flaoiidoa. 

Orthorhombic,  [i<y^«  .  6  ITaF 

Tetragonal,  [^^^^  -  3  NaF 

Monodinic,  [^^ ^«  •  3  [Ca,^aJ^,  .2H^0 

Monoclinic,  [^Q^9  •  2  [Ca^a^F^  .2H^0 


Mglik]^0, 


Cryolite, 
Chiolite, 
Pachnolite, 
Thomsenolite, 


Spinel  (Buby),  Isometric, 

Oahnite,  Isometric 

Hercynite,  Isometric, 

Corundum,  Sapphire^  Oriental  Ruby,  Oriental  Topaz, 

Oriental  Amethyst,  &a,        Hexagonal, 
Emeiy,  Massive, 


[Fe^^AkJO. 


Gibbsite, 
Beauxite, 
Diaspore, 


Hydrataa. 

Hexagonal, 

Massive, 

Orthorhombic, 


[AkW^. 
O{Fe^Al^y0^^H^ 

O^Al^O^'H^ 


Sulphates. 

Alunogen,                   Monoclinic,  [Al^O^SO^  .  \%  H^O 

Aluminite,                  Massive,  O^AQ- O^iSO^j  .^H^O 

Paialuminite               Massive,  O^Al^  Oj^SO^ .  1 5  ilj  0 

Alum-stone  (Alunite),  Ehombohedral,  K^,[Al^O^SO^\,Hj^,  or 

^{OAAi^yo^'So;} .  K^-Ofso^ .  6  Hfi 


r 
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Ammonium  Alum, 

Pickezingitey 

Apjohnitey 

Halotrichite, 


OotalMdnl  Aliimft. 
Isometric,  K^,[Ali] ^ 0,^  {SO^^  .2^H^0 

Isometric,  (NH^^\Ai;^^0^yfiL{S0^^.2iH^0 

Fibroiis  Alums. 
Fibrous,  Mg,[Ai;[ tiu  0^^  (SO^)^  .22S^O 


Fibious, 
Fibrous, 


MnJiAl 

Fe,[Ai;\ 


t«Og^(SO^^,22J5^0 


Lazulite, 

TuiquoiB, 

Wavellite, 

Andalnsite, 

Cyanite, 

Topaz, 

Anoithite, 

Labiadorite, 

Leudte, 

Oligoclase, 

Albite, 

Orthoclase, 

Kaolinite, 
Halloysite, 
Pyrophyllite, 
Agalmatolite, 


Thomsonite, 

Natrolite, 

Soolecite, 

Aualcime, 

Cbabazite, 

Hannotome, 

Heulandite, 

StUbite, 


Phosphates. 

Monoclinio,        H^  ,Mg\Al^  x  Oy^^x  P^ 

Eenifonn,  OJ[Al^O^FO\ 

Orthorhombic,  [Alt\TmO^Tfm(PO)^B^  .  5  H^O 


Bilioates. 
Orthorhombic, ) 
Monodinic,  J 
Orthorhombic, 

Feldspars, 

Triclinic, 

Tridinic, 

Isometric, 

Triclinic, 

Tridinic, 

Monodinic 

Clays. 

Orthorhombic, 
Massive, 
Orthorhombic, 
Massive^ 


O\Al^0}8i 
F^Al^fSi 

[jK»,  Ca],[ii/J  TIB  O^Tiu  5t,  0, 

KXAl^^O^^Sifi^ 

\Ca^ai^Al^  Till  OgTiu  Si;  0^ 

H^,\Ai^^o^^si^ .  2jg;o 

H^\Al^^O^^Sxfi^ 
H^\Al^^0^yvtSifi^ 


ZeoUtes. 
Orthorhombic,    \Na^,  C<i\\Al^ ^ 0^^  S^  .  2|  ^,0 


Orthorhombic, 

Monodinic, 

Isometric, 

Hexagonal, 

Orthorhombic 

Monodinic, 

Orthorhombic 


Ca,[Ai;\^O^^Si^O^ .  eff^o 
BalAQ^O^^Sifi^ .  5B^0 
Oa,[AQ Tui OgTiH  Sifi^  .5H^0 
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To  this  list;  may  be  added  the  Gam£Uf  the  SoapoltUs,  the  Epidotei^ 
the  Micoi,  and  the  Cklorites^  all  large  and  important  groups  of  min- 
erals, which  are  chiefly  silicates  of  aluminum,  but  which  present 
differences  of  composition  similar  to  those  illustrated  above.  It  is 
impossible,  however,  in  the  present  state  of  the  science,  to  deduce  from 
the  results  of  the  analysis  of  many  of  these  minerals  any  satis&ctory 
or  probable  rational  formula.  The  mineral  Lapis  Lazuli  is  a  remark- 
able illustration  of  this  fact.  It  has  a  definite  crystalline  form  (Fig.  26), 
and  has  long  been  used  as  a  paint  under  the  name  of  Ultramarine.  It 
is  a  silicate  of  aluminum,  calcium,  and  sodium,  with  a  sulphide  prob- 
ably of  iron  and  sodium ;  but  numerous  analyses  have  given  no  defi- 
nite clew  either  to  its  rational  formula  or  to  the  cause  of  its  beautiful 
blue  color.  Nevertheless,  the  pigment  is  now  made  artificially  in 
large  quantities,  by  combining  the  ingredients  in  the  proportions 
which  the  analyses  have  indicated,  and  this  would  seem  to  show  that 
it  is  the  theory,  and  not  the  analysis,  which  is  at  fault  This  subject 
will  be  further  discussed  under  Silicon. 

It  will  be  noticed  that  among  the  native  compounds  of  aluminum 
are  included  several  of  the  precious  stones,  and  also  Emery,  which 
yields  an  exceedingly  hard  powder  very  much  used  in  polishing.  From 
the  clays,  the  clay  slates,  and  to  a  less  extent  from  the  rarer  minerals 
Alum-stone  and  Beauxite,  the  alums  and  other  soluble  salts  of  alumi- 
num are  prepared.  Cryolite,  now  imported  firom  Greenland  in  large 
quantities,  has  become  an  important  source  of  soda-ash.  The  feld- 
spars, and  more  immediately  the  clays  which  result  from  their  disin- 
tegration, are  largely  used  in  the  manufacture  of  porcelain  and  the 
various  kinds  of  earthen-ware.  The  coarser  clays  furnish  the  material 
for  bricks.  The  slates,  the  porphyries,  the  granites,  the  trachytes,  the 
greenstones,  the  lavas,  and  similar  rocks  rich  in  aluminum,  are  used  in 
building ;  but  the  other  aluminous  minerals,  with  few  exceptions,  find 
no  important  applications  in  the  arts. 

284.  Metallic  Alnminnm.  —  Eeadily  obtained  by  reducing  either 
the  chloride  or  the  native  fluoride  (Cryolite)  with  metallic  sodium.  It 
has  a  brilliant  white  lustre,  and  possesses  to  a  high  degree  all  the  quali- 
ties of  a  useful  metaL  It  has  a  low  specific  gravity  (2.56),  but  still 
a  very  great  tenacity.  It  is  singularly  sonorous.  It  is  very  malleable 
and  ductile.  It  is  an  excellent  conductor  of  heat  and  electricity.  It 
has  a  high  melting  point,  although  somewhat  lower  than  that  of  silver. 
It  does  not  tamish  in  the  air,  and  the  molten  metal  does  not  oxidize^ 
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even  when  heated  io  a  high  tempeiature.  Its  present  cost,  which  de- 
pends solely  on  the  difficulty  of  extraction,  greatly  restricts  the  applica- 
tion of  aluminum  in  the  arts ;  but  nevertheless  it  is  used  to  a  limited 
extent  for  cheap  jewelry,  and  in  a  few  philosophical  instruments,  where 
it  is  important  to  combine  lightness  with  strength.  An  alloy  of  copper 
with  about  ten  per  cent  of  pure  aluminum,  called  Aluminum  Bronze^ 
has  the  color  of  gold,  and  an  almost  equal  power  of  resisting  atmos- 
pheric agents. 

Neither  sulphuric  nor  nitric  acid,  when  cold  and  sufficiently  diluted, 
attacks  aluminum,  and  nitric  acid  dissolves  it  only  slowly  when  con- 
centrated and  boiling.  Hot  sulphuric  acid,  however,  when  not  diluted 
with  more  than  three  or  four  parts  of  water,  dissolves  it  rapidly,  with 
the  evolution  of  hydrogen  gas.  The  best  acid  solvent  is  hydrochloric 
acid,  which  acts  on  the  metal  at  the  ordinary  temperature  even  when 
greatly  diluted;  but,  singularly,  the  metal  dissolves  almost  equally 
well  in  a  solution  of  caustic  soda  or  potash ;  and  a  comparison  of  the 
two  following  reactions  will  make  evident  one  of  the  most  important 
features  in  the  chemical  relations  of  this  metaL 

A15A1  +  (6  B^Cl  +  Aq)  =  ([Al'Aiy^l^  +  Aq)  +  3  IS-IH.        [238] 

AlsAl  +  (6 I^arO-ff-^Aq)  =  {]!^a^Oj[Al'Aq'\'Aq)  +  3IIJ-1H.   [239] 

285.  Compounds  in  which  [AQ  is  the  Baaio  RadioaL  —  The 
compounds  of  this  class  are  isomorphous  with,  and  resemble  in  almost 
every  respect,  excepting  color,  the  corresponding  ferric  salts.  Like  the 
last,  they  have  a  great  tendency  to  form  basic  salts,  and  they  exhibit 
in  general  the  same  reactions  which  have  been  already  described  (§  268). 
The  use  of  the  soluble  aluminic  salts  in  the  arts  depends,  —  1st.  Upon 
their  tendency  to  form  insoluble  basic  compounds ;  and  2d.  Upon  the 
&ct  that  these  basic  compounds,  including  the  hydrates,  eagerly  absorb 
the  soluble  organic  extracts  used  as  dyes.  When  organic  tissues, 
yam  or  cloth,  are  dipped  into  a  solution  of  a  basic  aluminic  salt  (com- 
pare note  to  page  388),  or  when  in  the  process  of  calico  printing  a 
similar  preparation  is  transferred  to  the  surfoce  of  the  fabric  in  regu- 
lar designs,  the  insoluble  basic  compounds  just  referred  to  are  formed 
in  the  very  fibre  of  the  material,  and  become  still  more  firmly  incor- 
porated when  the  tissue  is  exposed  to  the  action  of  air,  steam,  or  other 
agents,  in  the  process  known  as  aging.  If  now  the  yam  or  cloth 
thus  prepared  is  dipped  in  a  dye-vat,  the  aluminic  compound  entangled 
in  the  fibre  will  seize  and  hold  the  coloring  matter,  and  hence  the 
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name  of  mofdants,  from  mordeo  (to  tahefoui  hold  of),  applied  to  theee 
preparations  of  aluminmn.  The  basic  ferric,  chromic,  and  stannic 
salts  act  in  a  similar  way,  and  ale  also  used  as  mordants ;  but  while 
the  colorless  aluminio  salts  take  the  trae  color  of  the  dye,  the  others 
modify  the  tint  to  a  greater  or  less  extent  Hence,  in  the  process  of 
calico-printing,  various  colors  are  obtained  from  the  same  bath,  after 
the  design  has  been  printed  on  the  cloth  with  the  appropriate  mor- 
dants. When  salts  of  aluminum  are  mixed  in  solution  with  dye> 
stuifs,  and  decomposed  by  an  alkaline  reagent,  the  insoluble  hydrate 
or  basic  salt  thus  formed  carries  down  a  large  amount  of  the  coloring 
matter,  and  these  colored  precipitates,  when  dried,  are  used  as  pig* 
ments  (LaJces). 

Of  the  soluble  salts  of  aluminum  which  may  be  used  as  mordants, 
the  most  important  are  the  alums,  whose  symbols  have  already  been 
given  (§  283).  They  alone  crystallize  readily,  and  can  therefore  be 
easily  manufactured  on  a  large  scale  in  a  condition  which  insures 
purity.  The  alkaline  sulphate  which  they  contain,  although  it  deter- 
mines the  peculiar  crystalline  character  of  these  double  salts,  is  wholly 
worthless  to  the  dyer,  and  it  depends  chiefly  on  the  ruling  price  whether 
the  ammonic  or  the  potaasic  salt  is  employed  in  their  manufacture. 
Sodic  alum  does  not  crystallize  readily,  and  is  therefore  never  used. 
The  aluminic  sulphate,  which  is  the  only  useful  part  of  the  alums^ 
is  generally  obtained  by  decomposing  day  or  shale,  after  it  has  been 
roasted  at  a  low  red  heat  with  sulphuric  acid.  It  is  made  in  large 
quantities  in  England  and  Germany  from  a  bituminous  shale,  found 
among  the  lowest  beds  of  the  coal  measures,  which  contains  a  large 
quantity  of  iron  pyrites  disseminated  through  the  mass.  When  this 
alum  schist,  or  alum  ore  as  it  is  called,  is  slowly  burnt,  one  half  of  tha 
sulphur  of  the  pyrites  is  converted  into  sulphuric  acid,  which  at  once 
decomposes  a  portion  of  the  aluminic  silicate  that  the  shale  contains, 
thus  yielding  a  certain  amount  of  aluminic  sulphate.  At  the  same 
time  ferrous  sulphate  is  formed  by  the  oxidation  of  the  residue  of  the 
pyrites,  and  when  the  roasted  mass  is  lixiviated  with  water  both  salts 
dissolve.  Lastly,  on  adding  to  the  solution,  after  concentration^  potas- 
sic  or  ammonic  sulphate,  alum  is  formed,  which  is  separated  from  the 
ferrous  salt  by  crystallization. 

A  small  amount  of  potassium  alum  is  made  in  the  Eoman  States 
from  Alum-stone  (§  283).  This  mineral,  when  roasted  and  exposed 
for  sevesal  months  to  the  action  of  air  and  moisture,  crumbles  into  a 
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sort  of  mndi  whieh,  when  liziTiated^  yields  the  weU-known-  Bomim 
alum,  . 

Within  the  last  few  yean  the  use  of  alum  has  been  in  a  measure 
superseded  by  the  introduction  into  commerce  of  pure  aluminic  sul- 
phate, which  is  made  by  the  direct  action  of  sulphuric  acid  on  some  of 
the  purer  varieties  of  day,  and  freed  from  iron  by  means  of  sodic  ferro- 
cyanide.  This  reagent  is  added  to  the  solution  so  long  as  it  occasions 
a  bli;e  precipitate,  and  after  this  settles  the  clear  liquid  is  decanted 
and  evaporated.  The  residue  is  known  as  concentrated  alum.  The 
salt  may  be  erystallized  in  small  scales,  which  have  the  composition 
given  below. 

A  solution  of  basic  aluminic  acetate  is  also  much  used  as  a  mordant, 
especially  for  madder-reds,  under  the  name  of  Bed  Liquor.  It  is  pre- 
pared by  adding  plumbic  acetate  to  a  solution  of  alum.  The  only 
important  soluble  salts  of  aluminum  which  have  not  yet  been  men- 
tioned are  the  chloride  and  nitrate. 

Aluminic  Chloride,  [^^iJOf,  •  12  ff^O 

Aluminic  Nitrate,  [^l^O^(NO;)^  .  18  Jf/) 

Aluminic  Sulphate,  [Al^j^O^SO^^  .  18  B^O 

The  reactions  of  the  aluminic  salts,  when  in  solution,  differ  from 
those  of  the  corresponding  ferric  salts  chiefly  in  the  ^t  that  the  white 
aluminic  hydrate,  which  is  precipitated  by  the  alkaline  reagents,  dis- 
solves easily  and  perfectly  in  an  excess  of  either  potassic  or  sodic 
hydrate.  A  compound  of  aluminum  may  generaUy  be  recognized  by 
the  blue  color  which  is  obtained  when  the  solid,  previously  moistened 
with  a  solution  of  cobaltic  nitrate,  is  intensely  heated  in  the  oxidizing 
flame  of  the  bbwpipe. 

286.  Componnda  in  wbioh  [AQ  Is  the  Add  Radioal.  —  Sodic 
aluminate^  the  same  compound  which  is  fionned  by  [239],  is  now  man- 
ufactured on  a  large  scale  from  Beauxite.  The  pulverized  mineral, 
mixed  with  sodic  carbonate,  is  heated  to  bright  redness,  and  the  soluble 
aluminate  thus  formed  separated  from  the  insoluble  residue  by  lixivi- 
ation  and  filtration.  On  evaporating  the  clear  solution  {in  vacuo)j  a 
white  amorphous  solid  is  obtained,  which  has  the  composition  already 
given.  Aluminic  hydrate  is  precipitated  from  solutions  of  this  com- 
pound on  the  addition  of  any  soluble  acid,  or  even  on  exposure  to  the 
carbonic  acid  of  the  atmosphere,  and  this  new  commercial  product  may 
be  used  with  great  advantage  as  a  substitute  for  alum.    A  remarkable 
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reaction  occuts  when  solations  of  ftlominic  chloride  and  aodic  alnmi- 
nate  are  mixed  together  in  atomic  propoitionsy  illostrating  the  eingnlar 
twofold  relations  which  the  radical  [Al^  maj  sustain. 

{[AIJCI.+  Na^Of^Ai;\  +  6  J3;0  +  Aq)  = 

2  [AJ^  0//7,  +  (6  NaCl  +  Aq).    [240] 

Although  other  aluminates  may  be  prepared,  the  salt  just  described 
is  the  only  noteworthy  example  of  this  class  of  compounds.  Spinel, 
however,  and  the  allied  mineials,  may  be  regarded  as  meta^uminates. 

287.  Alnminio  Chlorlda,  [Al^fCl^^  is  the  only  compound  of  alumi- 
num with  chlorine.  It  is  made  by  passing  chlorine  gas  into  a  mixture 
of  aluminic  oxide  with  carbon,  heated  intensely  in  an  earthem  retort^ 
when  the  chloride  distils  over  and  condenses  in  the  receiver  in  yeUow- 
ish-white  crystalline  scales.  It  is  a  fusible  solid,  which  volatilizes  at  a 
temperature  only  a  few  degrees  above  its  melting  point,  and  the  8p. 
Gr.  of  its  vapor  confirms  the  theory  of  its  constitution  generally  ac- 
cepted. It  eagerly  unites  with  water,  but,  like  ferric  chloride,  it  cannot 
be  recovered  by  evaporation  when  once  dissolved.  It  forms  double 
salts  with  the  alkaline  chlorides,  and  one  of  these,  \Al^Cl^,2NaCli 
plays  an  important  part  in  the  preparation  of  aluminum. 

Not  only  Mfil^  but  also  FejOl^y  when  anhydrous,  determine  certain 
very  remarkable  reactions  between  the  hydrocarbons  of  the  aromatic 
series  and  the  chlorine  or  bromine  compounds  of  various  hydrocarbon 
radicals.  The  effect  is  to  set  free  HCl  or  J7J9r,  and  to  replace  one  or 
more  of  the  hydrogen  atoms  of  the  hydrocarbon  with  the  radical  in 
question,  thus :  — 

(C^H,  +  CJfffil  +  xAljOl^t  =  (C^fC^s  +  ^^hOl.)  +  BCL    [241] 

The  Al/Jfl^  which  appears  to  act  as  the  medium  of  the  reaction  re- 
mains unchanged,  and  the  theory  of  the  process  is  still  obscure. 

288.  Aluminic  Ozide,  Al/)^,  forms,  as  we  have  seen,  the  mineral 
Corundum.  It  may  be  obtained  artificially  by  igniting  either  ammo- 
nium alum,  or  the  hydrate  obtained  indirectly  from  Beauxite  (§  286). 
It  is  a  hygroscopic  white  powder,  which  adheres  to  the  tongue,  but 
does  not  become  plastic  when  mixed  with  water.  It  affects,  like  ferric 
oxide,  two  conditions,  and  the  change  from  one  to  the  other  is  accom- 
panied in  like  manner  by  a  sudden  incandescence.  It  may  be  fused 
by  the  compound  blowpipe,  and  the  resulting  transparent  bead,  like 
Corundum,  has  a  hardness  only  inferior  to  that  of  Diamond.    More- 
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oyer,  colored  ciystalB  resembling  the  Ruby  and  the  Sapphire  have  been 
obtained  by  art 

289.  Alumlnio  Sulphide,  [AlJ^S^,  is  formed  when  finely  divided 
aluminum  is  burnt  in  the  vapor  of  sulphur.  It  is  a  black  powder, 
which  is  rapidly  decomposed  by  water  into  jET^S  and  [Al^O^^. 
Hence  ff^  does  not  under  any  conditions  precipitate  aluminum  from 
solutions  of  its  salts,  and  the  precipitate  obtained  with  the  alkaline 
sulphides  is  simply  the  normal  hydrate. 

QUESTIONS  AND  PBOBLEMS. 

1.  Why  is  not  the  atomic  weight  of  aluminum  doubled  according  to  the 
principle  of  §  20  ? 

2.  Can  the  composition  of  the  native  fluorides  of  aluminum  be  expressed 
by  unitaiy  symbols  (f  54)?  Can  you  devise  a  process  by  which  sodic  car- 
bonate may  be  made  from  Giyolite  ? 

3.  Compare  together  the  minerals  isomorphons  with  Spinel  (§§  283,  264, 
273),  and  show  in  what  two  ways  their  constitution  may  be  expressed. 

4.  Compare  the  crystalline  form  and  hardness  of  Conmdum  with  those 
of  the  allied  sesquioxides. 

5.  Compare  the  native  aluminic  with  the  native  ferric  hydrates,  and  show 
how  many  of  the  possible  hydrates  are  represented  among  the  native  aluminic 
salts.    Use  the  table  of  ferric  hydrates  already  made  (Prob.  67,  Div.  XIV.). 

6.  Make  a  table  of  the  known  compounds  of  the  two  alum  types. 

7.  What  inference  should  you  draw  from  a  comparison  of  the  symbols  of 
the  different  aluminum  compounds  as  regards  the  isomoiphism  of  calcium 
with  the  alkaline  radicals  ? 

8.  Some  varieties  of  PjrrophyUite  closely  resemble  Steatite.  By  what 
simple  blowpipe  test  can  the  two  minerals  be  distinguished  ? 

9.  Write  the  reaction  of  sodium  on  sodio-aluminic  chloride  or  fluoride, 
and  calculate  how  much  alimiinum  can  be  obtained  theoretically  for  every 
kilogramme  of  sodium  employed. 

10.  How  does  the  Sp.  Or,  of  aluminum  compare  with  that  of  the  other 
useful  metals  t 

11.  Write  the  reaction  of  nitric  acid  and  that  of  sulphuric  add  on  alumi- 
nimi,  assuming  that  nitric  oxide  is  evolved  in  the  first  case,  and  hydrogen 
gas  in  the  second. 

27 
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12*  Compare  reactions  [238]  and  [t39\  and  point  out  the  different  relA- 
tiona  of  the  radical  [Al^  in  the  two  cases. 

13.  Explain  the  pecidiar  relations  of  the  aluminic  salts  on  which  their  ose 
as  mordants  depends.  , 

14.  Write  the  reaction  which  takes  place  when  sodic  carbonate  is  added 
to  a  solution  of  alum,  so  long  as  the  precipitate  first  formed  is  redissolved, 
assuming  that  the  basic  aluminic  sulphate  which  remains  in  solution  contains 
one  ''  atom  "  SO^  to  each  atom  Al^. 

15.  What  are  the  relative  intrinsic  yalnes  of  potassium  alum,  ammonium 
alum,  and  crystallized  aluminic  sulphate,  taking  as  the  standard  the  quan- 
tity of  normal  aluminic  hydrate  which  can  be  obtained  from  each  ?  On  what 
does  the  preference  given  to  the  alums  as  mordants  chiefly  rest  ? 

16.  Explain  and  illustrate  by  reactions  the  process  of  manufacturing  alum 
from  the  alum  shales,  and  also  from  pure  day. 

17.  Illustrate  by  reactions  the  change  of  Alum-4tone  into  alum  in  the 
manufacture  of  Roman  alum. 

18.  If  a  portion  of  tiie  water  obtained  in  the  analyses  of  Aluminite  and 
Paraluminite  is  water  of  constitution,  how  may  the  symbols  be  written  ? 

19.  Write  the  reaction  of  plumbic  acetate  on  a  solution  of  alum,  aMnmnig 
that  the  basic  acetate,  winch  remains  in  solution,  containa  one  atom  Al^  to 
every  three  atoms  Cfifi, 

20.  What  are  the  two  chief  differences  between  the  chemical  relations  of 
iron  and  aluminum  ?    Illustrate  the  differences  by  reactions. 

21.  Explain  and  illustrate  by  reactions  the  method  of  manufacturing  sodic 
aluminate.  By  what  test  could  you  determine  when  all  the  soda  has  been 
converted  into  sodic  alominate  %    Why  evaporate  solution  ia  vacuo  f 

22.  Write  reaction  of  CO^  on  solution  of  sodic  aluminate,  and  explain  the 
use  of  this  salt  as  a  mordant. 

23.  Analyze  reaction  [240]. 

24.  Show  how- Spinel  eonld^be  denved  from  a  tetiahydn>*magneBio  alumi- 
nate. 

25.  Write  the  reaction  by  which  aluminic  chloride  is  formed,  and  show 
that  the  Sp.  Qt.  of  its  vapor  cbnfirms  the  theory  of  its  constitution  generally 
accepted. 
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26.  Write  the  reaction  which  takes  place  when  a  solution  of  aluminie 
chloride  is  evaporated  to  dryness.  Consider  whether  the  product  formed 
by  the  union  of  the  anhydrous  chloride  with  water  ought  to  be  regarded  as 
a  chemical  compound,  and,  if  so,  endeavor  to  represent  its  constitution  by  a 
rational  symboL 

27.  Compare  the  rea<^tions  of  aonmonic  sulphide  on  an  aluminie  and. on  a 
ferric  salt,  and  explain  the  cause  of  the  diffeience. 

28.  In  what  order  would  you  classiiy  the  several  radicals  [RJft  regarding 
their  electro-negative  relations  1 
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DIVISION  XVIL 

290.  OLVCXNUIC  Ol=:U.9,—[Gl^]  is  probably  sextivalent^  like 
[AQ.  A  metallic  element  found  in  Beryl,  Ol^'^O^yi(Si^0^yiO^'^Al^, 
Chrysobeiyl,  Gl^O^ .  3  Al^O^y  and  a  few  other  rare  minerals.  The 
metal  is  very  light  (Sp.  Gr.  2.1),  is  malleable,  has  a  bright  white 
lustre,  does  not  alter  in  the  air  even  when  heated,  and  does  not  decom- 
pose aqueous  vapor  at  a  red  heat.  It  resembles  aluminum,  as  do  also 
its  oxide,  hydrate,  and  chloride,  the  corresponding  compounds  of  the 
same  element  The  hydrate  differs  from  that  of  aluminum,  however, 
in  several  important  respects.  Although  soluble  in  caustic  alkalies,  it 
is  again  precipitated  on  boiling  the  diluted  solution.  It  dissolves  in 
solutions  of  ammonic  carbonate,  with  which  it  forms  a  crystal- 
line salt  It  yields  with  sulphuric  acid  a  well-crystallized  sulphate, 
Gl^Oj(^SO^\ .  12  ff^O,  which  forms  with  potassio  sulphate  a  double 
salt,  K^,GI^SO^\.%H^O,  wholly  different  from  alum.  Lastly,  it 
absorbs  00^  from  the  air.  The  salts  of  this  metal  have  an  acid  reac- 
tion and  a  sweet  taste,  whence  the  name,  from  yXvtch,  The  European 
chemists,  however,  usually  name  the  metal  BeryUium,  and  write  the 
symbol  Be,  There  is  still  a  question  in  regard  to  the  quantivalence  of 
this  element  Some  chemists  regard  the  oxide  as  of  the  type  RO 
allied  to  MgO^  and  if  so,  the  afiomic  weight  of  the  element  would  be 
9.3 ;  but  a  recent  determination  of  the  specific  heat  of  glucinum,  giving 
the  value  0.4084,  favors  the  theory  here  adopted,  that  glucina  is  a  ses- 
quioxide,  and  this  view  is  supported  by  the  fact  that  glucina  replaces 

alumina  in  the  mineral  Danalite.     The  classification  of  Mendelejeff 

n 
assumes  that  Gl  =  9.3,  and  hence  the  question  in  regard  to  the  mo- 
lecular structure  and  affinities  of  the  oxide  is  one  of  great  importance. 

291.  QALZiIlJAff.  Ga=zQ9.S. — This  metal  was  discovered  by 
means  of  the  spectroscope  in  a  zinc  Blende  from  the  Pyrenees,  and 
has  since  been  found  in  very  minute  quantities  in  blendes  from  a  few 
other  localities.  The  62  grammes  of  Grallium  exhibited  in  the  Paris 
Exposition  of  1878  were  prepared  from  2,400  kilogrammes  of  this 
mineral.  The  metal  is  bluish  white,  and  has  the  remarkable  property 
of  fusing  at  30^.1.  The  molten  metal  resembles  mercuiy,  and  remains 
liquid  for  several  weeks  even  at  0^.  I^  however,  the  globule  is  touched 
with  a  small  fragment  of  the  solid  metal,  it  at  once  crystallizes.     But 
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althoagh  so  funble,  gallinm  is  not  volatile  at  a  red  heat,  and  only  a 
thin  film  of  oxide  fonua  on  the  Buiface.  The  J^.  Or.  of  the  metal 
ie  5.9,  and  the  specific  heat  0.080.  It  readily  diasolyes  in  dilute 
hydrochloric  acid,  and  also  in  solution  of  caustic  alkali,  with  evolution 
of  hydrogen.  The  oxide,  Gafi^  is  a  white  powder,  insoluble  in  water, 
but  readily  soluble  in  potash  and  in  ammonia.  The  chloride,  Oa^Cl^ 
is  very  deliquescent,  but  the  aqueous  solution  when  diluted  becomes 
turbid,  owing  to  the  formation  of  an  insoluble  basic  salt  The  sulphate 
combines  with  ammonic  sulphate  to  form  a  double  salt  having  the 
same  constitution  and  crystalline  form  as  alum. 

292.  INDIUM.  In  =  113.4.  —  This  metal  is  another  associate  of 
zinc  found  in  the  zinc  blende  of  Freiberg  and  of  a  few  other  localities, 
and,  like  gallium,  was  discovered  with  the  spectroscope.  It  takes  its 
name  from  a  well-marked  indigo-blue  band  which  its  fiame  shows  when 
examined  with  this  instrument  Although  less  volatile  than  zinc,  it 
comes  over  in  the  process  of  distillation  (§  226)  with  the  gieat  mass 
of  the  metal  with  which  it  remains  alloyed,  and  the  zinc  of  Freiberg 
contains  about  one  tenth  of  one  per  cent  of  indium.  The  metal  is 
softer  than  lead.  Sp.  Or.  7.42.  Melting  point,  176^  It  has  a  white 
metallic  lustre,  which  it  retains  in  the  air,  and  does  not  act  on  boil* 
ing  water.  The  best  solvent  is  nitric  add,  but  it  dissolves  slowly  in 
hydrochloric  and  dilute  sulphuric  acids.  Heated  on  charcoal  before 
the  blowpipe  it  colors  the  flame  blue,  and  gives  an  incrustation  of  the 
oxide.  This  oxide,  In^O^  is  a  pale  yellow  powder,  which  becomes 
brown  on  heating.  The  hydrate^  Infio^  formed  when  ammonia  is 
added  to  a  solution  of  an  indium  salt,  is  a  gelatinous  precipitate,  which 
becomes  move  dense  on  boiling,  and  readily  changes  into  the  oxide. 

Indium  chloride,  InJJl^^  is  an  extremely  deliquescent  white  solid 
which  dissolves  in  water  with  a  hissing  noise  and  evolution  of  heat 
On  evaporating  the  solution,  a  basic  salt  is  obtained.  Indium  sulphate 
combines  with  the  alkaline  sulphates  and  forma  well-defined  crystals 
the  fonn  and  constitution  of  alunu 
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DIVISION  xvin. 

293.  TTTRIUM,  BRBIUM,  and  tb«ir  AMOoisteSi— -The  rare 
minerals  Gadolinite,  Euxenite^  Keilhanite,  and  SamarBkite  contain  a 
mixture  of  earths  which  quite  closely  resemble  glucina.  In  general, 
however,  they  differ  from  it  in  forming  insoluble  oxalates,  and  hence 
are  precipitated  on  adding  an  excess  of  oxalic  acid  to  solutions  of  their 
salts.  Their  hydrates  also  axe  insoluble  in  caustic  soda  or  potash,  al- 
though they  dissolye  readily  in  solutions  of  ammonia  and  its  carbonate. 
By  different  processes  of  fractional  treatment  there  have  been  separated 
{torn  this  mixture  of  earths  a  number  of  metallic  oxides  whose  molecu- 
lar weights  vary  from  about  61  to  147,  and  the  metallic  radicals  of 
these  earths  have  been  caUed  by  different  chemists  Scandium,  Yttrium, 
Ytterbium,  Terbium,  Decipium,  Holmium,  Thulium,  Erbium,  etc. 
For  the  most  part,  at  least,  these  oxides  are  distinguished  by  no  well- 
marked  characters  except  the  varying  molecular  weight  and  the  posi- 
tion of  the  bands  which  they  give  in  the  spectroscope;  characters 
which  present  such  complications  that  it  is  difficult  to  interpret  them. 
Hence,  although  there  evidently  exist  in  thiB  mixture  of  earths  a 
number  of  separate  elements,  yet  it  is  impossible  to  say  how  many ; 
or  how  fiir  the  distinctions  claimed  by  the  authors  of  the  above  names 
are  valid.  Moreover,  we  cannot  at  present  decide  whether  these  oxides 
are  protoxides  or  sesquioxides,  although  the  probability  favors  the  last 
view,  at  least  in  regard  to  most  of  them.  The  spectroscopic  chtracters 
are  by  fiir  the  most  distinctive  features  of  these  substances,  and  one  or 
more  of  them  present  very  striking  phenomena  of  this  class.  The 
substance  formerly  called  Erbium  Oxide  shines  with  a  green  light,  al- 
though it  does  not  apparently  volatilize,  and  with  the  spectroscope  the 
unique  phenomenon  is  seen  of  brilliant  colored  bands  superimposed  on 
a  continuous  spectrum.  Moreover,  solutions  of  the  salts  of  this  earth 
absorb  the  same  colored  rays  which  the  ignited  oxide  emits  ;  and  when 
a  luminous  flame  is  viewed  with  a  spectroscope  through  such  a  solution, 
dark  bands  are  seen,  which  have  the  same  position  as  the  luminous 
bands  just  mentioned.  The  student  will,  of  course,  understand  that 
the  opinions  here  expressed  are  based  on  the  knowledge  in  regard  to 
these  earths  which  has  thus  far  been  published.  Several  able  chemists 
are  at  present  investigating  the  subject,  and  we  may  soon  expect  more 
definite  results. 
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DIVISION  XIX. 

294.  CBRZUM,  Ce  =  Ul,  LAHTHAKnil,  La  =  139,  and  DX- 
DTMZUM,  2>  =  140 1 —  These  three  rare  elements  are  found  insepa- 
rably united  in  Cerite,  Allanite,  Lanthanite,  Yttrocerite,  Parasite,  and 
several  other  yerj  rare  minerals.  They  are  not  unfirequently  associated 
with  the  elements  of  the  last  section,  which  they  resemble  in  many 
particulars,  but  they  differ  firom  them  in  forming  with  potassium  in- 
soluble double  sulphates,  and  hence  they  are  precipitated  on  adding  an 
excess  of  potassic  sulphate  to  solutions  of  their  salts.  They  all  yield 
oxides  of  the  form  J^^O^,  but  cerium  differs  from  the  other  two  in 
forming  a  higher  oxide,  probably  (7eO„  which,  when  heated  with  hydro- 
chloric add,  evolves  chlorine.  The  oxides  of  cerium  and  lanthanum 
are  more  or  less  colored,  and  that  of  didymium  is  dark  brown.  The 
salts  of  didymium  are  pink  or  violet^colored,  and  when  in  solution, 
even  in  small  quantities,  absorb  powerfully  certain  rays  of  light ;  and 
the  spectrum  of  a  luminous  flame  viewed  through  such  a  solution  shows 
a  strong  absorption  band  in  the  yellow  and  another  in  the  green.  As 
these  bands  differ  wholly  from  those  of  the  erbium  earths,  they  enable 
us  to  recognize  with  certainty  the  presence  of  didymium,  as  none  of 
its  associated  elements  produce  any  such  effect  Moreover,  since  the 
characteristic  absorption  bands  are  seen  with  reflected  as  well  as  with 
transmitted  light,  we  are  enabled  to  extend  this  mode  of  investigation 
even  1^  opaque  solids. 

In  regard  to  the  elementary  substances  but  little  is  known.  Cerium, 
which  has  been  obtained  by  reducing  its  chloride  with  sodium,  is  a 
soft  metal  like  lead.  When  polished,  it  exhibits  a  high  metallic  lustre, 
and  its  specific  gravity  is  about  5.5. 

QUE8TI0KB   AND   PROBLEMS. 

i.  Some  chemists  r^;ard  glucina  as  a  protoxide  like  magnesia,  and  hence 
write  the  symbol  GIO,  What  would  then  be  the  atomic  weight  of  gludnum  ? 

Ans.  9.3. 

2.  What  would  be  the  symbols  of  Beryl  and  Chrysoberyl  on  the  assump- 
tion of  the  last  problem  ? 

3.  If  the  yttrium  and  erbium  earths  present  such  marked  spectroscopic 
characters,  why  is  there  so  much  difficulty  in  defining  the  separate  elements  f 
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Consider  also  why  the  great  differences  of  molecular  weight  give  us  no 
certain  means  of  distinction.  Consider  also  what  bearing  the  existence  of 
a  series  of  oxides  with  molecular  weights  varying  between  such  extremes 
must  have  on  the  principle  of  the  classification  of  Mendelejeff.  Compare 
with  this  fact  the  closely  agreeing  atomic  weights  of  nickel,  cobalt,  mangar 
nese,  iron,  and  chromium. 

4.  By  what  two  reagents  may  the  elements  of  this  section  be  divided  into 
three  groups  ?  Ans.  Oxalic  acid  and  potassic  sulphate. 

5.  When  mixed  with  the  other  allied  oxides,  the  amount  of  eerie  oxide 
present  may  be  determined  by  dissolving,  out  of  contact  with  the  air,  a 
weighed  amount  of  the  mixed  oxides  in  hydrochloric  add,  to  which  some 
potassic  iodide  has  been  added,  and  then  finding  by  [158]  the  quantity  of 
iodine  thus  set  free.  Write  the  reactions  illustrating  the  theory  of  the 
process.  Ana.  in  part,  (kfi^  +  BHCl  ss  ^CeCl^  +  4^,0  -|-  Cl-a. 
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DIYISION  XX. 

295.  OOImD.  Au  =197.  —  Trivalent.  Almost  always  found  in  the 
natiye  state,  or  only  slightly  alloyed  with  other  metals.  The  only 
well-defined  native  compounds  aie  those  with  tellurium.  Very  spar- 
ingly but  very  widely  disseminated  through  many  of  the  cystalline 
rocks  and  in  the  alluvium  resulting  from  their  disintegration.  In  the 
gold-bearing  rocks  the  metal  Ib  frequently  found  accumulated  to  a 
greater  or  less  extent  in  veins  of  Quartz  (Auriferous  Quartz).  It  is 
also  constantly  associated  in  minute  quantities  with  other  metallic  ores, 
especially  with  those  of  silver,  and  in  some  localities  the  veins  of  iron 
and  copper  pyrites  yield  large  amounts  of  the  precious  metaL  It  is 
extracted  either  by  simple  washing,  or  by  bringing  the  finely  pulveiv 
ized  ore  in  contact  with  metallic  mercury,  which  has  a  great  affinity  for 
gold,  and  picks  out  the  minute  particles  from  the  mass  of  refuse.  The 
process  is  very  simple,  and  the  cost  of  the  product  depends,  to  a  great* 
extent)  on  the  very  large  amount  of  material  which  must  be  handled ; 
for  gold  ores  contain  on  the  average  but  a  few  ounces  of  metal  to 
the  ton*  From  the  resulting  amalgam  the  mercury  is  recovered  by 
distillation,  and  the  residual  metal  may  then  be  melted  and  cast  into 
bars.  The  gold  thus  obtained,  however,  is  more  or  less  idloyed,  chiefly 
with  silver,  and  is  refined  before  being  used  for  coinage.  This  is  best 
accomplished  by  dissolving  the  metal  in  aqua-regia,  evaporating  to  dry- 
ness to  remove  the  excess  of  nitric  acid,  dissolving  in  a  large  volume 
of  water,  and  precipitating  the  gold  with  ferrous  sulphate.  Lastly 
the  precipitate  is  collected  and  melted  under  borax.  If  the  proportion 
of  alloy  is  very  laige,  it  is  best  removed  by  boiling  the  metal  with 
nitric  or  sulphuric  acid.  When  nitric  acid  is  used  for  parting  gold 
from  silver,  the  separation  is  not  complete  when  the  amount  of  gold  is 
more  than  one  fourth  of  the  weight  of  the  alloy ;  and  since  in  most 
cases  the  alloy  must  be  first  reduced  to  this  proportion,  the  process  is 
called  quartaiian.  When  sulphuric  add  is  used,  the  amount  of  gold 
must  not  exceed  one  fifth. 

Gold  has  been  called  the  king  of  metals ;  for  it  not  only  possesses 
the  qualities  distinguishing  a  metal  in  their  highest  perfection,  but 
also,  under  all  ordinary  conditions,  preserves  its  brilliant  lustre  unim- 
paired. With  the  exception  of  platinum,  iridium,  and  osmium,  gold  is 
the  densest  solid  known ;  8p»  Or*  19.34.    It  may  be  drawn  into  wire 
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of  such  fineness  that  three  kilometres  weigh  only  a  single  gramme,  and 
may  be  beaten  into  leaves  not  more  than  one  ten-thousandth  of  a  mil- 
limetre thick.  Gold  has  a  familiar  yellow  color,  but  thin  leaves  trans- 
mit a  green  light.  It  has  been  found  that  an  exceedingly  thin  film  of 
gold  attached  to  the  surfieu^e  of  a  glass  plate,  and  heated  to  a  tempera- 
ture not  exceeding  315^,  loses  its  metallic  lustre  and  appears  ruby-red 
by  transmitted  light;  and  finely  divided  gold,  when  suspended  in 
water  or  melted  into  glass,  imparts  to  the  medium  the  same  beautiful 
color.  Gold  is  nearly  as  soft  as  lead,  and  pieces  of  pure  gold  may  be 
welded  together  without  heat  by  pressure  or  concussion,  as  in  dentistry. 
In  order  to  increase  its  hardness  it  is  alloyed  with  copper.  The  stan- 
dard gold  of  both  the  United  States  and  the  French  coinage  contains 
one  tenth  copper,  that  of  the  English  one  twelfth  of  the  same  alloy. 
Gold  melts  at  about  1,1 00^  It  is  only  slightly  volatile  at  the  highest 
furnace  heat ;  but  before  the  compound  blowpipe  it  is  dispersed  in 
purple  vapor.  It  is  an  excellent  conductor  of  heat  and  electricity,  but 
is  inferior  in  this  respect  both  to  silver  and  copper. 

Gold  is  not  dissolved  by  any  of  the  common  acids,  and  is  not  at- 
tacked by  the  fused  caustic  alkalies.  It  enters,  however,  into  direct 
union  both  with  chlorine  and  bromine,  and  is  readily  dissolved  by  any 
liquid  mixture  which  liberates  chlorine.  The  usual  solvent  is  a  mix- 
ture of  four  parts  of  hydrochloric  acid  with  one  of  nitric  acid,  called, 
on  account  of  its  power  of  dissolving  gold,  aqua-regia. 

Aig^Au  +  (2  ENO^  +  ^^01-^-  Aq)  m 

(2  iltt  a,  +  4  J3;0  -f.  Aq)  +  2  IS®.     [242] 

When  gold  is  dissolved  in  aqua-regia,  if  hydrochloric  acid  is  used  in 
excess,  the  solution,  evaporated  at  a  gentle  heat,  yields  ^e^^our. needle- 
shaped  crystals,  which  appear  to  be  a  molecular  compound  of  AuCl^ 
with  HOL  If,  however,  the  evaporation  is  pushed  still  further,  but  at 
a  temperature  not  exceeding  120^,  a  red  crystalline  mass  is.obtained, 
which  is  essentially  Auric  Chloride^  AuGl^t  although  it  is  difficult  to 
expel  the  last  traces  of  ffCl  without  still  further  decomposing  the  salt. 
If  this  product  is  heated  above  160^  it  loses  two  atoms  of  chlorine,  and 
there  is  left  a  pale  yellow  sparingly  soluble  powder,  which  is  Aurous 
Chloride,  AuClj  and  at  200^  this  last  is  also  decomposed  and  reduced 
to  metallic  gold.  Auric  chloride  is  deliquescent,  and  yields  an  orange- 
colored  solution  easily  distinguished  from  the  solution  oiAuOl^ .  HCly 
which  is  yellow.    It  also  forms  yellow  crystalline  salts  with  the  alka- 
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line  chloridesy  similaz  in  constitution  to  the  compounds  with  BOL. 
Their  formulas  are  AvCl^.KCl.h  Hfi,  and  AuCl^.  NaCl.  4 H^O.  In 
like  manner  it  unites  with  ammonio  chlmde  and  with  the  chlorides 
of  most  of  the  organic  baaes^  forming  oiystallizable  salts,  which  are 
often  employed  to  determine  the  molecular  weight  of  these  alkaloids. 
Auric  chloride  is  a  very  unstable  compound,  and  is  readily  reduced  to 
the  metallic  state.  Solutions  of  ferrous  sulphate,  of  antimonious  chlo- 
ride, of  oxalic  acid,  and  of  sulphurous  acid,  all  precipitate  the  gold  in 
a  finely  divided  state.  Phosphorous  and  hypophosphorous  acid  and 
solutions  of  their  salts  produce  the  same  effect,  as  do  also  phosphorus 
itself  and  many  of  the  metals.  The  brown  gold  powder  thus  obtained 
is  much  used  for  gilding  porcelain.  A  solution  of  stannous  chloride 
mixed  with  stannic  chloride  produces  in  neutral  solutions  of  auric  chlo- 
ride a  beautiful  purple  precipitate  called  Purple  of  Cassius,  which  is 
much  used  for  coloring  glass  and  porcelain.  The  compound  contains 
both  gold  and  tin  combined  with  oxygen,  but  its  chemical  constitution 
is  still  in  question.  Metallic  tin  gives  a  similar  precipitate.  There 
appear  to  be  two  iodides  of  gold,  Aul  and  Aul^^  but  only  one  bro- 
mide, AuBr^^  has  been  described.  There  are  also  two  oxides,  Au^O^ 
and  Au^O,  The  first  acts  as  an  acid,  the  second  as  a  very  feeble 
basic  anhydride.  The  following  reactions  illustrate  the  formation  and 
relations  of  these  compounds^ 

(iltt  02,  +  6  K-O'H-^-  Aq)  = 

{KfO^^Au-^ZKGl^ZH^O'\'Aq).    [243] 

KfO^Au  +  3  H'0<!jSfi  -h  A<i)  zs 

i^=  O^^Au  +  (3  K-  OC^^  0  +  Aq).    [244] 
2  Bf  Oj^Au  =  Au^O^  +  SE^O.  [245] 

To  obtain  these  reactions,  the  solution  of  AuCl^  should  be  boiled  after 
the  addition  of  K-O-H,  and  then  acidified  with  ac6tic  acid.  The  pre- 
cipitate thus  obtained  has,  when  dried,  the  composition  of  Au^O^. 
The  compound  Au^O  is  obtained  as  an  insoluble  violet  powder  by  di- 
gesting AuOl  with  a  solution  of  caustic  alkali 

(2  AuCl  +  2  NctO-H-^  Aq)  =  Au^O  -f-  (2  NaCl  -f-  J7,0  +  Aq).    [246] 

It  does  not  enter  into  direct  combination  with  acids,  but  there  is  a 
thiosulphite  of  gold  and  sodium  which  plays  an  important  part  in 
photography,  and  appears  to  have  the  formula  Au,NafO^^S-0-S)f. 
Singularly,  however,  gold  is  not  precipitated  from  the  solution  of  this 
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salt  by  the  oidinarj  reagents.  There  aie  two  solpbideB  of  gold^  -^ft^ 
and  Au^,  The  first  is  precipitated  by  ff^  from  a  cold  solution  and 
the  last  from  a  boiling  solution  of  AuCl^  by  the  same  reagent  They 
both  dissolve  in  alkaline  sulphides  and  form  sulphur  salts.    Thus, 

Au^S,  +  (6  K'S-ff+  Aq)  =  (2  K^^S^^Au  +  it  j)  +  3  HJ3.       [247] 

296.  Characteristic  Remotiona.  —  With  the  exception  just  noticed, 
gold,  when  in  solution,  can  be  distinguished  by  the  fact  that  it  is  pre- 
cipitated by  ferrous  sulphate,  provided  the  solution,  though  acid,  does 
not  contain  an  excess  of  nitric  acid. 

,(2  ii«  C^  +  6  FfOfSO^  +  Aq)  = 

Au'Au  +  (IFtifia.  +  2  [JiJS0^50,),  +  Aq).    [248] 

The  formation  of  Purple  of  Cassius,  and  the  easy  reduction  of  all  the 
oompounds  to  the  metallic  state  by  simple  ignition,  are  other  indicar 
tions  by  which  the  presence  of  gold  may  be  readily  recognized.  The 
reduced  gold,  even  when  in  find  powder,  acquires  its  peculiar  lustre  if 
rubbed  against  a  hard  suHIem^  as  in  the  process  of  burnishing.  Be- 
sides the  important  uses  of  gold  for  coinage  and  for  articles  of  ornament 
or  luxury,  the  metal  is  peculiarly  well  adapted,  both  by  its  softness 
and  its  power  of  resisting  corrosive  agents,  for  its  applications  in  den- 
tistry. It  is  also  largely  employed  in  the  various  methods  of  gilding 
which  consist  either  in  directly  applying  thin  gold-leaf  to  the  sur&oe 
to  be  covered,  or,  when  the  surface  is  metallic,  by  depositing  upon  it 
a  thin  film  of  gold  with  the  aid  of  galvanism  or  by  the  simple  action  of 
chemical  affinity. 

QXTESnONB   AND   PBOBLEMEL 

1.  Write  the  reactions  of  sulphurous  acid  and  of  oxalic  acid  on  solution 
of  auric  chloride,  assuming  that  sulphuric  add  in  one  case,  and  CO^  in  the 
other,  are  a  part  of  the  products. 

8.  What  evidence  do  you  find  of  the  quantivalence  of  gold  in  the  above 
sections? 

3.  Does  gold  act  as  an  add  or  a  bade  radical  f 

4  What  is  the  chief  chemical  characteristic  of  gold  I 

5.  There  has  been  a  question  about  the  cause  of  the  color  which  Purple 
of  Caidus  imparts  to  glass  and  porcelain  glase.    Do  the  &cts  stated  above 
Lin  this  phenomenon  t 
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DIVISION  XXL 

297.  BORON.  J?  =  11.  —  Trivalent  Yeiy  sparingly  distributed. 
Always  foond  in  combination  with  oxygen.  In  boric  acid  and  in 
variotis  borates,  including  the  minerals  Datholite  and  Danburite,  boron 
is  the  electro-negative  element^  while  in  Azinite  and  Tourmaline,  and 
in  many  artificial  salts,  it  acts  the  part  of  a  basic  radical  The  ele- 
mentary substance  may  be  obtained  both  in  an  amorphous  and  a  crys- 
talline form.  The  first  is  obtained  by  decomposing  boric  anhydride 
with  sodium. 

-ff,  O3  +  3  Na-Na  =^3I^a^0  +  B^.  [249] 

It  IB  an  infusible  dark  brown  powder,  which  soils  the  fingers  and 
dissolves  slightly  in  water.  At  about  300^  it  takes  fire  in  the  air 
and  btims  into  BjQ^y  and  it  is  also  oxidized  when  heated  with  sul- 
phuric acid  or  with  the  alkaline  nitrates,  sulphates,  carbonates,  or 
hydrates.  It  decomposes  nitric  add  even  when  slightly  concentrated 
and  cold. 

^,  +  3  H^O^-SO^  =  J5,0,  +  3  H^O  +  3  50,.  [250] 

Jfe^  -h  6  KNO^  =  2  KfO^B  -«-  6  NO^.  [251] 

Soron  is  one  of  tbe  very  few  elements  which  unite  directly  with  ni- 
trogen. 

B^^-l^N^^BN.  [252] 

If  amorphous  boron  is  heated  intensely  in  a  closed  crucible,  it  becomes 
much  denser,  and  is  then  less  easily  oxidized.  It  dissolves  in  melted 
aluminum,  and  when  the  molten  metal  sets,  the  boron  crystallizes  in 
square  octahedrons  (§  106)  more  or  less  highly  modified.  These  crys- 
tals are  nearly  as  hard  as  the  diamond,  have  an  adamantine  lustre,  and 
Sp,  Gr.  =  2.68.  They  may  also  be  obtained  directly  firom  boric  an- 
hydride, which  is  decomposed  by  aluminum. 

[AQ  -h  Bfi,  =  [iiy  O3  -h  B^  [253] 

The  crystals  thus  prepared  are  sometimes  nearly  colorless,  but  more 
frequently  they  have  a  yellow  or  red  color,  and  sometimes  the  color  is 
so  deep  that  they  appear  black.  They  are  probably  never  wholly 
pure,  and  it  is  worthy  of  remark  that  they  sometimes,  if  not  always, 
contain  a  considerable  quantity  of  carbon.    They  resist  the  action  of 
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all  acids,  and  even  of  fdaed  xiitre,  but  are  oxidized  when  fhsed  with 
acid  potassic  acdphate.  It  appeata,  from  leoent  inyeetigations,  that  the 
80-called  giaphitoidal  boion,  which  is  fonned  with  the  eryatalB  just 
mentioned,  is  a  compound  of  aluminum  and  boron. 

298.  Borlo  Acid.  HfOfB.  —  A  product  of  volcanic  action.  Found 
in  some  natural  waters,  and  has  been  detected  in  the  waters  of  the 
ocean.  It  is  collected  in  large  quantities,  but  in  an  impure  condition, 
from  the  hot  vapors  of  the  fumtrMu  in  the  Maremma  of  Tuscanj. 
The  pure  acid  is  best  prepared  from  borax  by  the  reaction 

4ir,»0,"i8+(2JVaCT  +  ^^).    [254] 

The  hydrochloric  acid  should  be  mixed  with  a  hot  saturated  solution 
of  borax,  which  as  it  cools  deposits  boric  acid  in  white  nacreous  crys- 
talline scales.  Boric  acid  is  sparingly  soluble  in  cold  water,  but  dia* 
solves  in  three  times  its  weight  of  boiling  water.  It  is  also  soluble  in 
alcohol,  and  imparts  to  the  flame  of  burning  alcohol  a  peculiar  green 
tint,  which  exhibits  in  the  spectroscope  five  well-marked  green  bands. 
Neither  the  aqueous  nor  the  alcoholic  solution  can  be  evaporated  with- 
out loss,  as  the  vapor  always  takes  with  it  an  appreciable  amount  of 
the  acid.  The  solution  evaporated  on  turmeric  paper  changes  the 
color  to  brown,  like  an  alkali,  but  it  affects  litmus  paper  like  other 
weak  acids.   At  the  temperature  of  100°  it  loses  one  molecule  of  water. 

HfOfB  =  H-O-BO  +  Hfi.  [255] 

The  compound  HfOfB  is  called  orthoboric  acid.  The  product 
H-O-BO  is  frequently  described  as  the  first  anhydride  of  this  acid,  and 
is  called  metaboric  acid.  If  this  is  heated  to  a  still  higher  tempera- 
ture two  molecules  unite,  while  at  the  same  time  they  lose  another 
molecule  of  water,  forming  the  second  and  last  anhydride,  boric  anhy- 
dride. 

2  ROBO  =  5,0,  -H  H^O.  [256] 

At  a  red  heat  B^O^  fuses  to  a  viscid  glass,  which  remains  dear  as  it 
cools,  but  soon  becomes  opaque  and  crumbles  if  exposed  to  the  air. 
It  also  forms  fusible  compounds  with  the  metallic  oxides.  Hence  the 
use  of  boric  acid  and  the  borates  as  fluxes. 

299.  Boimtaa.  —  It  is  evident  from  the  principles  of  §  §  38  and  1 31, 
that,  besides  orthoboric  acid,  many  others  are  theoretically  possible. 
Thus:— 
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Boric  Acid,  HfO^B 

Diboric  Add,  H^O^B-O-B) 

Triborit  Add,  H^Of^B-O-B-OB) 

Tetraboric  Add,  I^OJi{B'0-B'O^BOB) 

Polyborio  Add,  i?, + ,0, + ,(j5, 0^^^ 

These  maj  be  regarded  as  formed  bj  the  coalescing  of  seyezal 
molecules  of  orthoboric  acid,  and  the  elimination  from  this  condensed 
molecule  of  a  sufficient  number  of  molecules  of  water  to  set  free  the 
number  of  oxygen  atoms  required  to  cement  together  the  atoms  of 
boron  in  the  resulting  radical  By  eliminating  additional  molecules 
of  water,  we  may  obtain  from  either  of  the  above  acids  a  series  of 
anhydrides  (distinguished  as  the  first,  second,  etc.  anhydrides),  and 
the  number  of  possible  anhydride^  in  any  case  is  equal  to  the  number 
of  pairs  of  hydrogen  atoms  which  the  acid  contains.  It  must  be 
understood  that-  all  these  posdble  forms  are  not  real  compounds. 
Indeed,  only  the  three  already  mentioned  have  been  actuaUy  pre- 
pared; but  there  are  several  borates  whoee  constitution  is  best  ex- 
pktned  when  we  regard  them  as  salts  of  adds  derived  fipom  orthoboiio 
acid  in  the  way  just  indicated.  The  most  important  of  these  is  com- 
mon borax,  which  may  be  regarded  as  the  sodium  salt  of  the  second 
anhydride  of  tetraboric  acid. 

800.  Boraxp  Na^-Oi{B-0^*B'0'B-OfB).lOH^O,  was  originally 
brought  from  a  salt  lake  in  Thibet,  and  was  called  TincaL  It  also 
occurs  in  large  crystals  in  the  mud  of  Borax  Lake,  in  California,  and 
it  has  been  found  in  solution  in  many  mineral  springs,  and  even  in 
minute  quantities  in  the  ocean.  Borax  is  manufactured  in  large  quan- 
tities from  the  crude  boric  add  of  the  Tuscan  lagoons.  It  is  a  white 
crystalline  salt^  which  when  heated  gives  up  its  water  of  crystallization, 
and  at  a  red  heat  melts  to  a  transparent  glass,  that  has  the  property  of 
dissolving  almost  all  the  metallic  oxides.  Many  of  the  oxides  impart 
to  the  glass  characteristic  colors ;  and  these  reactions,  which  are  readily 
obtained  with  a  small  bead  of  borax  supported  by  a  loop  of  platinum 
wife,  are  useful  blowpipe  tests.  Borax  is  also  used  for  soldering  metals, 
for  making  enamels,  for  fixing  colors  on  porcelain,  and  as  a  flux  in 
various  metallurgical  processes.   The  ordinary  crystals  contain,  as  above, 
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lOH^Oy  and  belong  to  the  monodinic  sjBtem;  but  the  salt  can  be 
crystallized  with  only  5  J5^0  in  octahedrons  belonging  to  the  isometric 
system. 

301.  Boric  Chloride,  BOl^^  can  be  obtained  by  passing  chlorine 
gas  oyer  an  intimate  mixture  of  Bfi^  and  carbon,  heated  to  a  red  heat 
in  a  porcelain  retorL 

BtO^  +  3(7+  ZOrGl  =  3(70  +  2  BCl^.  [257] 

It  is  a  very  voktDe  liquid  {Sp.  Gr.  1.35  at  7**),  boiling  at  17%  and 
yielding  a  dense  vapor  whose  Sp.  Gr.,  as  found  by  experiment,  is 
56.85 ;  chiefly  interesting  as  establishing  the  quantivalence  of  boron. 
It  is  at  once  decomposed  by  water. 

B(\  +  3  i^O  =  H^^^^B  +  3  HCl  [258] 

302.  Boric  Bromide,  BBr^y  prepared  like  the  chloride,  is  a  volatile 
liquid  {Sp.  Gr.  2.69),  boiling  at  90^,  and  giving  a  vapor  whose  Sp. 
Gr.  has  been  found  by  experiment  equal  to  126.8.  Decomposed  by 
water  like  the  chloride. 

303.  Boric  Fluoride,  BF^,  is  best  prepared  by  intensely  heating  a 
mixture  of  B^O^  and  fluor-spar. 

2  -ffjO,  +  3  GaF^  =  CaJO^B^  +  2  5i;.  [259] 

A  colorless  gas,  whose  Sp.  Gr.  has  been  fouud  by  experiment  equal  to 
34.2.  This  gas  is  eagerly  absorbed  by. water,  which  dissolves  seven 
hundred  times  its  volume,  and  forms  a  corrosive  acid  liquid  called 
horofluarie  acid^  whose  constitution  is  not  well  understood.  If  its 
composition  is  that  usually  assigned  to  it,  its  formation  will  be  ex- 
pressed by  the  reaction 

2BF^  +  3B^0  =  J?,0,  .  6 JZF.  [260] 

The  same  compound  may  be  also  prepared  by  dissolving  B^O^  in 
HF-^Aq^  and  then  concentrating  the  solution. 

If  borofluoric  acid  is  largely  diluted  with  water,  one  fourth  of  the 
boron  separates  in  the  form  of  boric  acid,  and  there  is  left  in  solution 
what  has  been  called  hydrofluoboric  acid. 

(4(^,0,.6JZy)  +  i<7)  = 

2ff,<^j^B+{6{ffF.BF;)  +  6fffi  +  Aq).    [261] 

Hydrofluoboric  acid  forms  salts  with  basi6  radicals,  and  the  compound 
with  potassium  may  be  formed  by  the  action  of  boric  acid  on  a  dilute 
solution  of  potassic  fluoride. 
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(8ZF+  %HfOi^B^Aq)  =  %{KF.  BF^)  +  {(^K-OH+Aq).  [262] 

304.  Boron  and  Hydrogen. — If  magnesiiim  boride,  prepared  by 
melting  B^O^  with  twice  its  weight  of  magneeitun  dust,  is  treated  with 
hydrochloric  acid,  a  gas  is  eTolved  which  is  a  mixture  of  a  oompotmd 
of  boron  and  hydrogen  with  a  large  excess  of  hydrogen  gas.  This 
boride  of  hydrogen  resembles  in  many  of  its  properties  the  arsenide 
and  antimonide  of  hydrogen^  and  its  symbol  is  probably  BH^y  but  it 
has  not  yet  been  obtained  in  a  pure  condition. 

305.  Gharaotarlstio  Reactions.  —  The  peculiar  green  color  which 
boric  acid  imparts  to  an  alcohol  or  blowpipe  flame  is  the  best  indicsr 
tion  of  its  presence,  and  this  test  is  made  still  more  decisiye  by  amilyz- 
ing  the  colored  light  with  the  spectroscope.  The  add,  however,  must 
first  be  set  free  before  the  reaction  can  be  obtained.  In  many  of  its 
relations  boron  resembles  carbon. 

QUESTIONS  AND  PEOBLEMS. 

1.  Write  the  reaction  of  sulphuric  add  on  a  solution  of  borax. 

8.  What  test  can  be  applied  to  determine  when  an  excess  of  sulphuric 
add  has  been  added  ? 

3.  Define  an  ortho  add,  regarding  orthoboric  acid  as  a  type  of  the  class. 

4.  Make  a  table  showing  the  relations  of  the  various  posdble  deriyatiyes 
of  boric  add. 

5.  The  empirical  symbol  of  boradte  is  Mg^O^B^.  What  is  its  rational 
Bjrmbol,  and  what  is  its  relation  to  the  orthoborates  1 

6.  Boric  sulphide,  B^S^,  may  be  prepared  by  passing  over  a  mixture  of 
carbon  and  boric  anhydride  the  vapor  of  cari>onic  disulphide,  OSf.  The 
products  are  2BiSg  and  6  CO.    Write  the  reaction. 

7.  Boric  sulphide  is  readily  deccMuposed  by  watery  givii^  boric  add  and 
sulphuretted  hydrogen.    Write  the  reaction. 

8.  In  reaction  [267]  what  double  affinities  are  called  into  play  t 

9.  In  what  respect  do  you  find  reaction  [262]  remarkable? 

10.  What  evidence  do  you  find  of  the  prevailing  quantivalenoe  of  boron  t 
Are  tiiere  any  frets  whioh  ^would  indicate  that  boron  is  quinquivalent  1 
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306.  NITROOBN.  iTss  14.  —  Usuallj  trivalent,  but  also  univa- 
lent or  qtdnquiTalent  Laigest  constitaent  of  the  atmosphere ;  but  to 
this  and  the  materiala  of  oiganized  beings  it  is  almost  ezclosively  con- 
fined. It  is  the  chaiacteiistic  ingredient  of  animal  tissues,  which  aro 
composed  mainly  of  the  four  elements  carbon,  hydrogen,  oxygen,  and 
nitrogen.  Vegetable  tissues,  on  the  other  hand,  consist  chiefly  of  only 
the  first  three  of  these  elements ;  but  nitrogen  is  never  entirely  absent 
bom  plants,  and  is  an  essential  ingredient  of  many  important  vegetable 
products,  as,  for  example,  of  the  albuminoid  compounds  and  of  the 
vegetable  alkaloids.  Nitrogen  is  marked  by  weak  affinities,  and  hence 
its  compounds  are  usually  unstable,  as  is  illustrated  by  the  well-known 
tendency  of  animal  substance  to  decay. 

307.  Nitrogen  Qbm,  N^y  constitutes  foar  fifths  of  the  volume  of  the 
atmosphere,  and  can  be  obtained  in  a  pure  condition,  —  First,  by 
slowly  or  rapidly  burning  phosphorus  in  a  confined  volume  of  air. 
Secondly,  by  passing  air  over  ignited  copper  turnings,  which  combine 
with  the  oxygen.  Thirdly,  by  passing  chlorine  gas  through  a  solution 
of  ammonia :  — 

(8  H^NJt  Aq)  +  3  Cl-a  =  (6  HJSrOl  +  Aq)  +  iV^.        [263] 

Fourthly,  by  heating  ammonic  nitrite  or  a  mixtoie  of  potassic  nitrite 
and  ammonic  chloride  :  — 

{HJSryO'NO=^2B^O^-N^.  [264] 

K'0-N0'\'{H^N)a=zKa+2H^0-^N^,  [265] 

According  to  Eegnault,  one  litre  of  nitrogen  gas,  under  standard 
conditions,  weighs  1.256167  grammes.  It  is  remarkable  for  its  inert- 
ness, and  one  of  its  chief  offices  in  the  atmosphere  is  to  moderate  the 
action  of  its  violent  associate.  The  only  elementary  substances  with 
which  it  has  been  observed  to  combine  directly  are  magnesium,  boron, 
vanadium,  and  titanium.  Nevertheless,  nitrogen  has  a  great  capacity 
for  combination,  and  is  distinguished  by  the  large  number  and  varied 
nature  of  its  compounds;  but  these  can  only  be  formed  by  indirect 
methods. 
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OzidM  of  mtrogttn.* 

Nitrogen  Monoxide,  N^O  HyponitionB  Acid,    H-O-N 

Nitrogen  Dioxide,  NO  nj 

Nitrogen  Trioxide,  N^O^  Nitrons  Acid,  H-ONO 

Nitrogen  Tetroxide,  NO^  y 

Nitrogen  Pentoxide,  N^O^  Nitric  Acid,  H-O-N  Of 

308.  Nitrio  Aoid.  BNO^.  —  When  electrical  diachaiges  are  passed 
throngh  air  which  is  in  contact  with  canstic  or  carbonated  alkalies,  or 
when  organic  matter  decays  in  the  atmosphere  nnder  the  same  con- 
dition8,t  ft  partial  union  of  the  elements  of  the  atmosphere  takes  place, 
and  nitrates  of  potassium,  sodium,  or  calcium  are  the  usual  result 
From  either  of  these  native  nitrates,  or  nitre$y  the  acid  may  be  ob- 
tained. It  is  usually  prepared  by  distillation  from  a  mixture  of  sodic 
nitrate  (§  148)  and  sulphuric  acid. 

NarO-NOf  +  Bf'Of'SOt  =  HyNa^OfSOf  +  H-O-NO^.      [266] 

One  molecule  of  sulphuric  acid  is  adequate  to  decompose  two  mole- 
cules of  nitre ;  but  the  temperature  required  is  then  much  higher,  and 
the  nitric  acid  is  in  part  decomposed.  The  strongest  acid  thus  pre- 
pared is  a  colorless,  fuming  liquid,  boiling  at  86^  and  freezing  at  —49^ 
Its  jSjp.  6^.  =  1.552  at  20^  It  is  unstable,  and  is  partially  decom- 
posed when  exposed  to  the  light 

4  £FO-iVOs  =  2HfO  +4-^0,-1-  OO.  [267] 

The  remaining  acid  is  thus  diluted,  while  the  nitric  peroxide  colors 
it  yellow.  A  similar  decomposition  takes  place  during  the  distilla- 
tion of  the  acid.  This  decomposition  continues  until  the  hydrate 
2HN0^,  3/^0  Ib  formed,  which  is  far  more  stable,  and  distils  un- 
changed at  123^*  This  is  the  common  strong  nitric  acid  of  commerce, 
but  it  is  not  a  definite  compound,  the  composition  varying  with  the 
pressure  under  which  the  acid  distils.  A  still  weaker  acid  is  much 
used  in  the  arts  under  the  name  of  aqua-fortis.  The  strength  of  the 
acid  may  be  determined  from  its  specific  gravity,  by  means  of  tables 
prepared  for  the  purpose. 

*  In  the  abwnoe  of  any  definite  knowledge  in  regard  to  the  moleenlar  strnctnre 
of  the  ozidee  of  nitrogen,  we  cannot  nee  more  significant  names. 

t  It  has  been  rendered  probable  by  recent  investigation  that  nitrification  is  a 
variety  of  fermentation,  connected  with  the  life  of  certain  lower  oiganisms  in 
thesoiL 
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Nitric  acid  is  one  of  the  most  ooRoeive  agents  known«  With  a 
Teiy  few  exceptions,  it  oxidizes  all  the  elementary  suhstances,  conyert- 
ing  them  into  oxides,  adds,  or  nitrates,  as  the  case  may  be^  In  these 
reactions,  as  a  general  role,  nitric  oxide  is  eyolved ;  but  the  products 
Tarj  to  a  certain  extent  with  the  conditions  of  the  experiments,  and 
examples  will  be  found  under  the  different  elements,  and  also  in  [110, 
271,  279,  and  287},  illustrating  the  different  phases  which  the  reac- 
tion may  assume.  Nitric  acid  corrodes  all  oiganic  tissues,  oxidizing 
them,  and  forming  various  products,  among  which  the  most  common 
are  water,  carbonic  dioxide,  and  oxalic  add.  When  more  dilute,  it 
stains  the  skin,  wool,  silk,  and  other  albuminoid  bodies  a  bright  yellow 
color.  Very  strong  nitric  add,  when  mixed  with  strong  sulphuric  add, 
acts  on  some  organic  compounds  in  a  very  remariuble  way.  It  removes 
one  or  more  atoms  of  hydrogen,  and  substitutes  an  equal  number  of 
atoms  of  the  radical  NO^  in  their  place. 


[268] 


With  the  various  bases  it  forms  a  large  dass  of  important  salts.    When 

the  radical  is  univalent,  these  salts  have  the  general  symbol  BrO-NO^. 

n 
When  the  radical  is  bivalent,  the  general  formula  becomes  R^^N'O^j 

or  E^O^N^O^.  S^ts  of  these  types  are,  in  the  ordinary  use  of  the 
term,  the  normal,  or  ortho  nitrates ;  but,  theoretically,  nitrogen  is  capa- 
ble of  fixing  five  univalent  radicals,  and  hence  some  chemists  regard 
the  assumed  compound  H^O^N  as  orthonitric  add,  and  salts  of  that 
type  as  orthonitrates.  By  eliminating  ficom  this  ortho-add  first  one 
and  then  two  molecules  of  water,  We  obtain  the  fbllowing  anhydrides, 
the  last  of  which  is  the  ordinary  add : — 

Orthonitric  Acid,  H^O^y  or      B-O-NOt.^Hfi 

Metanitric      "  HfO^^IfO,       or      H-O-lfOt.H^O 

Dimetanitric  "  H-O-NO^ 

Salts  axe  known  whose  symbols  may  be  written  on  all  these  types, 
but  they  may  also  be  written  on  the  ordinary  type  as  welL    Thus, 
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H^BOOXtr  or  Bi^OfNO^E, 

0  Wfnfhln  uitbonttailt*  BmIo  MramUiio  Nlinlt. 


Such  distinctioiis  are  of  no  practical  importance,  but  they  are  of 
value  in  pointing  out  the  manyHuded  relatiouB  of  our  subject  Under 
no  condition  does  potassic  hydrate  form  more  than  one  salt  with  nitric 
acid,  and  the  important  theoretical  bearing  of  this  Deust  is  evident 

309.  Nitrogen  Pentozida,  N^O^^  the  anhydride  of  nitric  acid,  may 
be  obtained  by  passii^  dry  chlorine  gas  over  dried  argentic  nitrate 
heated  to  95^ 

^AgNO^-k-^  Cha  =  4^^CT+  2-»;0,+  OO.  [269] 

It  is  a  white  solid,  crystallizing  in  prisms  of  tiie  fourth  system,  melting 
at  29^.5,  and  boiling  at  45^  Very  unstable,  undergoing  spontaneous 
decomposition  in  a  sealed  glass  tube.  By  the  action  of  water  it  forms 
nitric  add. 

JJT, 0,  +  ir,  0  =:  2  HNO^.  [270] 

310.  Nitroua  Aold,  H-O-NO^  is  not  known  in  the  pure  state,  and 
the  aqueous  solution  rapidly  undergoes  decomposition  when  diluted 
or  warmed.  The  salts  of  this  acid,  however,  the  nUrites,  are,  on  the 
contrary,  very  stable  bodies.  They  may  be  formed  by  the  action  of 
the  acid  upon  hydrates  or  oxides,  but  more  readily  by  the  reduction 
of  the  nitrates.  Thus  potassic  nitrite  is  prepared  by  fusing  nitre  with 
metallic  lead  or  copper.  Nitrites  are  found  dissolved  in  natural  waters, 
and  ammonic  nitrite  exists  at  times  in  minute  quantities  in  the  atmos- 
phere. Argentic  nitrite  is  difficultiy  soluble  in  cold  water,  and  is  pre- 
cipitated when  argentic  nitrate  is  added  to  a  solution  of  an  alkaline 
nitrite,  if  not  too  dilute.  This  reaction,  and  the  evolution  of  red  fumes 
when  treated  with  dilute  acids,  readily  distinguish  the  nitrites  from 
the  nitrates.     Compare  also  §  312. 

311.  Hitrogen  THojdde,  J^O,,  is  the  anhydride  of  nitrous  acid. 
Best  prepared  by  the  action  of  dilute  nitric  acid  (Sp.  Gr,  1.25)  on 
starch.    Is  also  formed  in  the  following  reactions :  — 

Ai^O^  +  2HN0^  =  A^O^  +  J^tO,  +  H^O.  [271] 

2ArAg'\^^HN0^^  iAgNO^^ N^O^+ZH^O.  [272] 

4  SS®  +  ®-®  =  2  N^O^.  [273] 
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In  each  case  browniah  led  fumes  are  formed,  which,  at  a  low  tem- 
perature, become  condensed  into  a  veiy  volatile  blue  liquid,  boiling  at 
about  0^.  With  a  small  quantity  of  water  it  yields  nitrous  acid, 
H-O-NO,  but  a  large  quantity  at  once  decomposes  it. 

3i^,Oa  +  i50=4J»'0+2£rA'0,.  [274] 

If  the  red  vapor  is  passed  into  a  solution  of  potassic  hydrate,  we 
obtain  potassic  nitrite,  and  in  a  similar  way  other  nitrites  may  be 
made. 

(2  EOJI+  Aq)  +  ^iO,  =:  (2  K'O-NO  +  B^O  +  Aq).      [275] 

According  to  the  theory  of  the  last  section,  ordinary  nitrous  acid  is 
the  first  anhydride  of  an  assumed  acid,  H^O^N.  This  would  be  called 
orthonitrous  acid,  and  the  ordinary  acid  would  then  be  metanitrous 
acid.  The  compound  Pb^OJiN^,  according  to  this  view,  is  plumbic 
orthonitrite,  but  it  may  be  also  regarded  as  a  triplumbio  nitrite  of  the 
ordinary  type  {Pb-ChPlrO-PhyO^H,NO\. 

312.  Hyponitrona  Aoid,  H-O-N^  has  not  been  isolated,  but  the 
potassium  salt  is  fomed  by  the  action  of  sodium  amalgam  on  a  solu- 
tion  of  potassium  nitrite. 

K-O-NO^B^  =  KrO-N^H^O.  [276] 

On  neutralizing  with  acetic  acid  the  solution, — rendered  alkaline 
by  the  NarO-H  formed  at  the  same  time,  —  and  then  adding  argentic 
nitrate,  a  yellow  and  almost  insoluble  precipitate  is  obtained,  which 
is  Ag-O-N. 

313.  Nitrogen  Monoxide,  Nfi, — This  compound,  commonly 
called  nitrous  oxide,  is  best  prepared  by  gently  heating  ammonic 
nitrate  in  a  glass  flask  or  retort 

NH^ONO^  =  2  J7,0  +  jVjO.  [277] 

It  may  also  be  obtained  by  exposing  nitrogen  dioxide  gas  to  the  action 
of  moistened  iron  filings,  which  absorb  one  half  of  the  oxygen. 

4-aro-oo  =  2jr,a  [278] 

It  is  also  evolved  when  lanc  dissolves  in  dilute  nitric  acid,  or,  more 
surely,  when  a  mixture  of  equal  parts  of  nitric  and  sulphuric  acids, 
diluted  with  eight  or  ten  parts  of  water,  is  used  for  dissolving  the 
metaL 
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(4  Zn(NO^^  +  5  HiO  +  ^^)  +  N^O.    [279] 

Nitrogen  monoxide  is  a  colorless  gas  (Sp.  Gr.  22),  which,  by  piess- 
uie  and  cold,  may  be  condensed  to  a  colorless  liquid,  boiling  at  —88^ 
and  ireeadng  by  its  own  evaporation  at  aboat  — 101^.  It  is  less  stable 
than  nitric  oxide.  It  is  decomposed  by  heat^  and  all  combustibles 
bum  in  it  with  nearly  the  same  readiness  and  brilliancy  as  in  pure 
oxygen  gas.  When  pure,  it  can  be  inhaled  without  danger,  and  is 
much  used  as  an  anaesthetic  agent.  With  some  patients  it  produces  at 
first  a  transient  intoxication,  attended  at  times  with  uncontrollable 
laughter.  Hence  the  popular  name  of  laughing-gas.  It  manifests  no 
tendency  to  unite  with  more  oxygen.  It  is  soluble  in  water  to  a  lim- 
ited extent,  and  to  a  much  greater  degree  in  alcohoL  At  0^  one  toI- 
ume  of  water  dissolves  1.3' volumes,  and  one  volume  of  alcohol  4.18 
volumes,  of  this  gas. 

314.  Nitrogen  ZHozlde,  iVO,  commonly  called  NUric  Oxide^  is 
best  prepared  by  the  action  of  dilute  nitric  add  {Sp.  Gr.  about  1.2) 
on  copper  turnings. 

SCu  +  {8HN0^  -f  Aq)  = 

(3Cu(iro;)^+iB^O  +  Aq)  +  2NO.    [280] 

The  reaction  appears  to  consist,  first,  in  a  metathesis  of  the  metal  with 
the  hydrogen  of  the  acid ;  and,  secondly,  in  the  reduction  of  a  further 
portion  of  the  acid  by  the  hydrogen  thus  liberated.  In  order  to  obtain 
a  pure  product  it  is  important  that  the  acid  should  be  in  excess.  Ni- 
trogen dioxide  may  also  be  obtained  perfectly  pure  by  heating  together 
a  mixture  of  ferrous  chloride,  nitre,  and  hydrochloric  add. 

(i^FeCU  +  2K2rO^  +  8  J7CT  +  Aq)  r= 

(Z[Fe;\Cl.+  2KCl  +  iH^O)'\-2JrO.    [281] 

A  mixture  of  ferrous  sulphate,  nitre,  and  dilute  sulphuric  acid  (J^.  Or. 
1.18)  may  also  be  used. 

Nitric  oxide  is  a  colorless  permanent  gas  (Sp.  Or.  =  15),  but 
slightly  soluble  in  water  (one  volume  of  water  dissolves  one  twentieth 
of  a  volume  of  NO),  It  extinguishes  a  burning  candle,  but  both 
phosphorus  and  charcoal,  if  burning  vigorously,  continue  to  bum,  and 
with  great  intensity,  when  plunged  into  the  gas.  It  is  the  most  stable 
of  the  oxides  of  nitrogen,  and  is  not  decomposed  by  a  red  heat    It  is 
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neither  an  acid  nor  a  basic  anhydride,  but  it  is  marked  by  its  avidity 
for  oxygen,  with  which  it  forms  the  brownish-ied  fumes  either  of 
NO^  or  of  N^O^^  according  to  the  proportions  present.  [273]  and 
[282].  It  dissolves  freely  in  a  solution  of  ibirous  sulphate,  forming 
a  deep  reddish-brown  liquid,  firom  which  the  gas  may  be  expelled  by 
heat.  A  similar  product  may  be  obtained  with  other  ferrous  salts,  and 
this  reaction  may  be  used  as  a  test  for  nitric  acid. 

315.  Nitrogen  Tetroxide,  NO^^  often  called  Nkric  Peroxide^  is 
best  prepared  by  mixing  two  volumes  of  nitrogen  dioxide  with  one 
volume  of  oxygen  gas,  both  ahtolutely  dry. 

2  SS®  +  (SKS)  =  2  S?®!.  [282] 

The  two  gases  when  mixed  immediately  combine,  yidding  a  deep 
brownish-red  vapor,  which,  if  passed  into  perfectly  dry  tubes  cooled 
by  a  freezing  mixture,  is  condensed  to  a  ctystalline  solid.  This  solid 
melts  at  -—9^  to  an  orange-colored  liquid,  which  boils  at  22%  but 
when  once  melted  does  not  freeae  even  at  —20^.  The  substance  is 
decomposed  by  water  with  the  greatest  readiness.  A  mere  trace  of 
water  is  sufficient  to  prevent  the  formation  of  the  crystals,  occasioning 
instead  the  production  of  a  green  liquid,  which  appears  to  be  a  solu- 
tion of  nitrous  anhydride  in  nitric  acid. 

iN0i  +  H^0  =  2  mrO^  +  J^,0,.  [283] 

If  a  larger  amount  of  water  is  present,  we  obtain  nitric  oxide  in  place 
of  nitrous  anhydride,  and  the  equation  becomes 

SirOt  +  H^O  =:^2HN0^  +  NO.  [284] 

In  a  similar  way,  when  acted  on  by  metallic  hydrates  and  basic  anhy- 
drides, it  yields  a  mixture  of  nitrate  and  nitrite.     Thus, 

2  Jr-0-^+  2  NO^  =  KOirO  +  KONO^  +  JSJO.     [285] 

Nitrogen  tetroxide  may  also  be  obtained  by  distilling  plumbic  ni- 
trate, "^^ 

2  PlrOf{irO^^  =  2 P60  -h  4  -yO,  +  OO.  [286] 

Owing  to  the  presence  of  a  little  moisture,  we  first  obtain  the  green 
liquid  mentioned  above,  but  towards  the  end  of  the  process  the  anhy- 
drous peroxide  comes  over  and  may  be  crystallized.  Nitrogen  tetrox- 
ide appears  also  to  be  formed  by  the  reaction  of  nitric  acid  on  tin,  — 

Sn^  + 20 H2ir0^z:^Bi^0^Sn^0^.'^  6 H^O-h  20 NO^;.   [287] 
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bat  in  this,  as  in  other  xeaeiions  of  nitric  add  on  the  metala,  the  siain 
product  is  more  or  less  mixed  with  other  oxides  of  nitrogeD. 

316.  Ozyohlorldea  of  Nitrogen.  —  If  in  reaction  [242]  no  gold  or 
other  metal  is  present  to  unite  with  the  chlorine  evolved  by  the  aqua- 
r^ia,  this  element  combines  with  the  nitric  oxide  set  free  at  the  same 
time,  and  besides  chlorine  gas  we  obtain,  as  products  of  the  reactioni 
a  compound  which  we  maj  call  nitrous  oxychloride  or  nitrosyl  chlo- 
ride (NOCl). 

{HNO^  +  3  JSTCT  +  Aq)  «  (2  H^O  +  Aq)  +  NOCl  +  Cha.    [288] 

When  the  products  of  this  reaction  are  cooled  by  a  freezing  mixture, 
an  orange-colored  liquid  is  obtained,  boiling  at  —7^,  which  appears  to 
be  a  mixture  of  free  chlorine  and  nitrosyl  chloride  in  varying  propor- 
tions. But  if  the  same  products  are  passed  into  strong  sulphuric  acid, 
the  nitrosyl  chloride  is  absorbed  while  the  chlorine  escapes.  There  is 
thus  formed  ff,NO'S0^y  and,  if  this  nitrosyl  sulphate  is  heated  with 
IfdOlj  pure  NOCl  is  evolved.  Nitrosyl  chloride  can  also  be  obtained 
by  the  direct  union  of  nitric  oxide  and  chlorine.  It  is  an  orange- 
yellow  gas,  which  readily  liquefies  when  cooled  by  a  freezing  mixture. 
The  liquid  has  a  deep  orange  color  and  boik  at  —8^.  There  is  alao  a 
nitrosyl  bromide. 

NUroxyl  CMoride,  NO^Cl^  is  obtained  by  acting  on  phosphoric  oxy« 
trichloride  with  plumbic  nitrate,  — 

3  Pb(NO^^  +2P0Cl^  =  Ph{PO,)^  +  6  NOjDl         [289] 

This  compound  is  a  heavy  yellow  liqiud,  which  boils  at  5°,  and  is 
decomposed  by  water  into  nitric  and  hydrochloric  acids. 

317.  Componnda  with  Hydrogen.  —  Ammonia  Ghuk  NH^. — 
Kitrogen  and  hydrogen  gases  will  not  directly  combine;  but  through 
various  indirect  methods,  not  well  understood,  this  union  is  constantly 
taking  place  in  nature,  and  ammonia  gas  is  the  chief  product.  This 
gas,  or  some  one  of  its  numerous  compounds,  is  constantly  formed 
whenever  an  organic  substance  decays  or  is  charred,  as  in  the  process 
of  dry  distillation.  It  is  also  formed  in  many  ohemioal  reactions  when 
nitrogen  and  hydrogen  atoms  axe  brought  together  at  the  moment  of 
chemical  change.  Thus,  when  a  mixture  of  nitrio  oxide  and  hydrogen 
gas  is  passed  over  heated  platinum  sponge,  we  have  the  reaction 

2-yO  +  6  ffir=2ir,0-»-  2NB^.  [290] 
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So  also  when  nitric  acid  is  added  in  veij  small  qnantities  at  a  time  to 
a  mixture  of  zinc  and  dilute  hydiochloric  acid,  from  which  hydrogen 
gas  is  being  slowly  eTolred,  we  have  the  reaction 

HNO^  +  4^ir  =  ira;  +  3250.  [291] 

But  the  ammonia  thus  produced  unites  at  once  with  the  hydrochloric 
acid  present  to  form  ammonic  chloride,  and  in  a  similar  way  ammo- 
nium salts  are  frequently  formed  to  a  limited  extent  when  zinc  and 
similar  metals  are  dissolved  in  nitric  acid.  Practically,  we  always 
prepare  ammonia  gas  from  the  commercial  ammonic  chloride  by  the 
reaction 

2  NHfil  +  (7a-0,-flJ  =  CaCl^  +  2  J5r,0  +  2  NH^ .        [292] 

It  is  a  colorless  gas,  so  light  (S)|.  ®r.  0.091)  that  it  can  be  col- 
lected in  an  inverted  bottle  by  displacement.  By  pressure  and  cold 
it  may  be  readily  condensed  to  a  liquid,  which  boik  at  —38^.5  and 
freezes  at  —75^.  The  evaporation  of  the  liquefied  gas  is  attended  with 
great  reduction  of  temperature,  and  this  principle  is  applied  in  the 
apparatus  of  Carr^  to  the  artificial  production  of  cold.  Ammonia  has 
a  familiar  pungent  odor,  and  la  useful  in  medicine  as  an  irritant,  but 
when  pure  it  is  wholly  irrespirable.  It  is  incombustible  in  air,  but 
bums  in  an  atmosphere  of  oxygen,  yielding  aqueous  vapor  and  nitro- 
gen gas. 

The  composition  of  ammonia  gas  may  be  thus  ascertained.  First, 
by  passing  a  series  of  electrical  dischaiges  through  a  confined  volume 
of  the  gas  in  a  eudiometer,  the  volume  doubles. 

2  ira^  =  N^ir+  3  BK  [293] 

If  next  we  add  to  this  product  one  half  of  its  volume  of  oxygen  gas, 
then  explode  the  mixture,  and  subsequently  remove  with  pyrogallic 
acid  the  residual  oxygen,  we  shall  find  that  the  volume  of  nitrogen 
gas  remaining  in  the  tube  is  exactly  one  half  of  the  volume  of  the 
ammonia  gas  with  which  we  started.  Secondly,  if  we  shake  up  in  a 
eudiometer  tube  a  measured  volume  of  chlorine  gas  with  a  weak  solu- 
tion of  aqua  ammonia,  taking  care  after  the  reaction  is  finished  to  expel 
by  heat  all  the  nitrogen  from  the  liquid,  it  will  be  found  that  the  vol- 
ume of  chlorine  has  been  replaced  by  one  third  of  its  volume  of  nitro- 
gen gas. 

With  colored  test-paper,  ammonia  gas,  even  when  dry,  gives  a  strong 
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alkaline  leaction,  and  it  diieetlj  combines  with  sevexal  of  the  add 
anhydrides.  These  unimportant  compounds,  howeyer,  most  not  he 
confounded  with  the  important  class  of  ammonium  salts.  In  part 
they  correspond  to  the  amides  mentioned  below,  but  the  constitution 
of  others  is  not  well  understood.  The  last  are  frequently  called  am- 
monides,  and  of  these  sulphuric  ammonide,  (NH^  •  80^^  will  serve 
as  an  example.  Ammonia  gas  forms  also  equally  anomalous  com- 
pounds with  many  anhydrous  metallic  salts.  Thus,  argentic  and 
calcic  chlorides  absorb  large  volumes  of  ammonia  gas,  forming  what 
appear  to  be  molecular  compounds,  AgCl .  2  jG^  and  CaClt  •  8  JS^, 
in  which  the  ammonia  seems  to  play  somewhat  the  same  part  as  water 
of  crystallization  in  ordinary  salts.  But  by  far  the  most  important 
quality  of  ammonia  is  its  power  of  combining  directly  with  water  and 
with  the  acids,  as  such,  to  form  the  laige  class  of  ammonium  salts. 
In  forming  these  compounds,  however,  nitrogen  changes  its  quanti- 
valence,  and  it  will  therefore  be  convenient  to  dass  them  under  a 
different  head.  When  ammonia  gas  comes  in  contact  with  the  fumes 
of  a  volatile  acid,  the  formation  of  the  ammonium  salt  gives  rise  to 
a  dense  white  smoke,  which  is  one  of  the  most  characteristic  tests  for 
this  substance. 

318.  Amines,  or  Compound  Ammonias.  —  Ammonia  gas  is  the 
type  of  a  laige  class  of  compounds,  most  of  them  volatile,  in  all  of 
which  nitrogen  is  trivalent.  These  compounds  may  be  regarded  as 
derived  &om  one  or  more  molecules  of  ammonia,  by  replacing  the 
hydrogen  atoms  either  wholly  or  in  part  with  various  positive  radicals. 
According  as  they  are  &shioned  after  the  type  of  one,  two,  three,  or 
more  molecules  of  ammonia,  they  are  called  monamines,  diamines,  etc, 
and  they  are  distinguished  as  primary,  secondary,  or  tertiary,  accord- 
ing as  one,  two,  or  three  hydrogen  atoms  in  the  monamines,  or  the 
corresponding  groups  of  atoms  in  the  polyamines,  have  been  replaced. 
We  may  represent  the  type  of  ammonia  as  in  the  table  below,  which 
contains  the  symbok  of  a  few  of  the  compound  ammonias. 

Monamines. 
Primary.  Secondary.  TerHary. 

H\N       H\N       H\N       <^A\^       ^*^\^    Ct^B\N 

MaUijlaMlB*.      rhmylanlBA.         DMbjlMriat.     Vbm;j^-¥k^f^9mAan.     Methyl 
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Dtunln«s, 
Primary.  Tertiary. 


dMUj 


Many  of  the  ammoniated  compounds  of  the  metals  may  be  arranged 
under  this  same  type.  Thus,  when  potassium  is  heated  in  dry  ammo- 
nia gasy  an  olive-green  compound  is  formed,  which  has  the  composition 
K^H^^N'y  *  and  other  examples  will  be  given  hereafter. 

The  amines  are  all  basic,  and,  like  ammonia  gas,  combine  directly 
with  acids  to  form  salts ;  but  this  character  is  the  less  strongly  marked 
in  proportion  as  the  hydrogen  atoms  have  been  replaced.  The  volatile 
organic  bases  belong  to  the  same  class  of  compounds. 

319.  AmldM.  —  The  atoms  of  hydrogen  in  ammonia  gas  may  be 
replaced  by  negative  as  well  as  by  positive  radicals ;  but  then  the  pro- 
duct, instead  of  being  basic,  is  either  neutral  or  acid.  These  compounds 
are  classified  and  named  like  the  amines,  but  with  few  exceptions  only 
one,  or  one  set,  of  the  hydrogen  atoms  can  be  thus  replaced.  The 
following  are  a  few  examples :  — 

MonamidA*.  Dlamldea. 


hKut  h\n  hSn, 

H)  H)  B, 


These  compounds  may  also  be  regarded  as  formed  by  the  union  of  the 
compound  radical  amidogen  (B^if)  with  the  acid  radical,  and  hence 
the  name  amides.  They  differ,  then,  from  the  corresponding  acids  only 
in  containing  amidogen  in  place  of  hydroxy!    Thus, 

Eo-CJIJ)  HofOO  EofO,0,  Eo^Cja[J3, 

AceHa  AM,  Ovboaie  Add.  Oxallo  AeUL  Bneelnle  Add. 

HJH-C^O         (KN)fOO         (HJ<r)fCtOt  {EtN)fC.Hfit 

OubuBlda  (UiM).  OzMDUto*  gnwiiMnnWo, 


These  amides  are  all  neutral ;  but  if  in  the  dibasic  acids  we  replace 
only  one  of  the  atoms  of  hydroxyl,  it  is  evident  that  we  shall  obtain  a 

*  This  eompouttd,  although  an  amine  as  hers  daasified,  baa  always  been  called 
Potaasamide. 
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elftBS  of  amides  tttiR  oontaaning  an  atom  of  iMsic  hydrogen^  and  which 
axe  theiefore  adds.    Thus  are  formed 

ffO,E^'CO  EO^H^Ofi^  nO,HJl-a.Hfit 

OMbMide  AeUL*  Onnto  Aold.  8«08lawirio  Aald. 

Lastly,  if  we  take  an  add  like  lactic  add,  nOyHO^O^^O^  or  gljcoUo 

acid,  HO^HC^CJSfiy  which,  although  diatomic,  is  only  monohadc 

(§  44),  we  can  obtain  from  each  add,  at  least  theoretically,  two  distinct 

+ 
amides,  according  as  we  replace  the  bade  hydrogen  ( JST)  or  the  alcoholic 

hydrogen  (IT).  See  $  44.  The  first  will  be  neutral,  the  second  acid ; 
but  although  several  of  the  add  amides  are  known,  the  only  neutral 
amide  of  this  class  which  has  been  investigated  is  that  derived  from 
lactic  acid. 

NH^,HO0.K0  io,NHfC^.O  nh^NHfCAO 

lartumM*  (N ratal).  ImdinMn  (Add).  Olyeolamldt  (Add)  or  O^tonqL 

From  these  various  amides  a  Luge  number  of  compounds  may  be 
derived  by  replacing  the  hydrogen  atoms  dther  of  the  amidogen  or  of 
the  acid  with  different  compound  radicals.  The  following  are  a  few 
examples :  — 


SO-OtB^)  EO-O^Hfi)  (OtH,)0-O^M 


^) 


The  last  two  compounds  are  isomeric,  the  only  difference  being  that  in 
the  first  the  radical  ethyl  replaces  an  atom  of  hydrogen  of  the  amido- 
gen, while  in  the  second  it  replaces  the  alcoholic  hydrogen  of  the  lac- 
tic acid.  That  there  is  a  real  difference  between  the  two  is  proved  by 
the  following  reactions : — 

(Ctff,)0-0^,0 


HO-Ofifi 


j|ir+jr-o-^=jr.^2J2cS5^+f|^  [294] 
oX  \ir+E-o-H=i  E,»o^o£^o+     A\ir  [295] 


*  Th.  Mid  liM  not  Iwot  iaolatod,  Imt  the  "»'~"«"  mU  ia  w«Q  known. 
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320.  XmidM.  —  If  from  an  acid  monamide  we  eliminaie  a  molecnle 
of  watery  or  if  from  a  neutral  diamide  we  eliminate  a  molecule  of  am- 
monia gas,  we  obtain  as  the  product  a  compound  which  may  be  re- 
garded as  formed  by  the  union  of  the  acid  radical  with  the  compound 
radical  iDT.    Thus, 

ko,HJ^'C^fi^  BOH+  ^^fi  [296] 

Siieda-Mdd0.  Saeda-lnldt. 

Such  compounds  aro  called  Imides,  and  they  always  act  as  monobasic 
acids. 

321.  Nltriles.  —  If  from  a  neutral  monamide  we  eliminate  a  mole- 
cule of  water,  the  residue,  which  may  be  regarded  as  a  compound  of 
nitrogen  with  a  trivalent  radical,  has  been  called  a  Nitrile.    Thus, 

HJUf-CJEffi  =  H^O  +  OA^N  [298] 

AcsImbU*.  Aeettmltafla. 

H,N-  C,Ht  0=:^Hfi->r  Gfi^N  [299] 

y«terainld«.  YaleroBltill*. 

These  compounds  are  weak  bases,  like  ammonia,  combining  directly 
with  acids  to  form  salts,  and  from  one  point  of  view  they  may  be  re- 
garded as  amines,  and  from  another  as  cyanides. 

322.  Ammonium  Compounds.  —  In  all  the  above  compounds  ni- 
trogen IB  trivalent,  and  a  single  atom  of  this  element,  unassisted,  does 
not  appear  to  be  able  to  hold  together  moro  than  three  atoms  of  hydro- 
gen, or  of  other  univalent  positive  radicals ;  but  when  the  different 
ammonias  are  brought  in  contact  with  acids,  the  nitrogen  atoms  sud- 
denly manifest  two  additional  affinities,  and  a  most  important  class  of 
compounds  is  formed,  in  which  nitrogen  is  quinquivalent.  The  cause 
of  this  sudden  accession  of  power  is  not  well  understood,  but  it  evi- 
dently depends  on  the  reflex  influence  which  the  negative  atoms  or 
radicals  of  the  acids  exert.  In  all  these  cases  the  ammonias  combine 
with  the  acids  as  a  whole,  and  the  reaction  is  an  example  of  synthesis, 
and  not  of  metathesis.     The  following  are  a  few  examples  :  — 

mn^  -h  HGl  =  NlH^,  a  =  NH^-CI  like  KOI.  [300] 

Amnonlo  Chlofids. 

N*H^  +  ^0  =  KlH^,{HO)  =  NffrO-ff        like  KO-ff.        [301] 

AmiMmleHydntai 

Ififf,  +  H-NOt  =  NiH^,{NO^)  =  NH^O-NO^  like  K-O-NO,.    [302] 
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{NH^ifO^'SO^  like  K^'OfSO^.  [303] 


The  products  thus  obtained  resemble  very  closely  the  salts  of  the  alka- 
line metals.  With  certain  limitations  they  are  susceptible  of  the  same 
reactions,  and  in  these  reactions  the  atomic  group  NH^  plays  the  same 
part  as  the  metallic  atoms  in  the  other  salts.    Thus  we  have 

(ArNO^  +  NH^'Ol  +  Aq)  ^AgOl-^  {NH^NO^  +  Aq).       [304] 
{GaCl^'{'{NH^-0fC0+Aq)^C€r0^-00+{2NH^0l'\-Aq),  [305] 

Hence  we  conclude  that  the  ammonium  salts  are  compounds  of  this 
univalent  radical  which  we  call  ammonium,  and  therefore  we  write 
their  symbols  as  above.  But  although  many  attempts  have  been  made 
to  obtain  the  radical  substance  corresponding  to  NH^,  these  attempts 
have  been  hitherto  unsuccessful  It  is  true  that  when  we  electrolyze  a 
solution  of  ammonic  chloride,  using  as  the  negative  pole  of  the  battery 
a  quantity  of  mercury,  we  obtain  a  material  resembling  a  metallic  amal- 
gam, which,  when  kept,  slowly  changes  back  to  metallic  mercury, 
evolving  a  mixture  of  hydrogen  and  ammonia  gases ;  but  it  would  now 
appear  that  in  this  pasty  mass  the  gases  are  merely  mixed,  and  not 
chemically  combined,  and,  moreover,  the  total  amount  of  material 
which  the  mercury  thus  singularly  encloses  is  exceedingly  smalL 

323.  Ammonio  Chloride  (Sal  Ammoniac),  NH^Cl,  is  the  most 
important  of  the  ammonium  salts,  and  the  material  from  which  the 
other  ammonium  compounds  are  prepared.  It  is  manufactured  in  large 
quantities  from  the  ammoniacal  liquid  of  the  gas  works,  one  of  the 
products  of  the  dry  distillation  of  coal.  It  is  a  white  crystalline  salt, 
very  soluble  in  water,  but  only  slightly  soluble  in  alcohol.  It  sub- 
limes below  redness  without  first  melting.  It  is  isomorphous  with 
sodic  and  potassic  chloride,  and  resembles  these  salts,  especially  the 
last,  very  closely.  Like  potassic  chloride,  it  is  precipitated  from  aque- 
ous solutions  by  platinic  chloride,  with  which  it  forms  a  double  salt 
difficultly  soluble  in  water  and  still  less  soluble  in  alcohol 

(2  NH^  01  + Pi  01^  -f.  Aq)  =  (NEfil)^ .  PtOl^  +  {Aq).        [306] 

324.  Ammonio  Hydrate  (Aqua  Ammonia).  (NH^O-ff+Aq,) 
— At  0^  water  absorbs  1,050  times  its  own  voiudto  of  ammonia  gas ; 
but  the  quantity  absorbed  rapidly  diminishes  as  the  temperature  rises, 
so  that  at  15^  it  can  onlyjiold  727  times  its  volume,  and  at  24%  600 
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times  its  yolume.  Water  satniated  at  15^  contains  about  one  third 
of  its  weight  of  ammonia,  but^  in  consequence  of  the  great  expansion 
which  attends  the  abeorption,  the  solution  is  lighter  than  water.  This 
solution  has  the  pungent  odor  of  ammonia,  because  the  gas  slowly 
escapes  even  at  the  ordinary  temperature  of  the  air,  and  by  prolonged 
boiling  the  whole  may  be  driven  ofL  In  this  and  in  other  physical 
relations  the  compound  of  ammonia  with  water  acts  like  the  solution 
of  a  gas,  but  in  all  its  chemical  relations  it  behaves  like  an  alkaline 
hydrate.  It  is  strongly  caustic ;  it  precipitates  metallic  hydrates  from 
solutions  of  their  salts ;  it  saponifies  fetts ;  and_it_is  very  much  use4  in 
the  laboratory  as  an^alkaliUft  keageni.  JTlias  been  called  tbe  volcMe 
lu  It  diJSere^  however,  bom  Jkt  fixed  cUkalie$f  9oda  andpoUuhy  in 
two  important  particulars.  First,  it  is  decomposed  by  heat  into  am- 
monia gas  and  water,  and  is  not,  therefore,  properly  speaking,  volatile. 
Secondly,  it  forms  with  many  metallic  radicals  soluble  double  salts,  and 
other  compounds  of  peculiar  constitution,  which  can  have  no  counter- 
parts among  the  compounds  of  the  alkaline  metals.  Hence  it  id  that 
in  many  important  particulars  the  reactions  of  the  ammonium  salts 
are  wholly  different  from  those  of  the  conesponding  salts  of  sodium  and 
potassium.  They  either  do  not  give  precipitates  under  the  same  con- 
ditions, or  the  precipitates  obtained  have  a  wholly  different  character. 
Compaie  [304],  [305],  with  §§  249,  259,  and  225. 

325.  ▲minonio  Carbonate.  —  The  commercial  salt  is  a  trandueent 
white  solid,  obtained  by  subliming  a  mixture  of  sal  ammoniac  with 
chalk.  It  is  very  soluble  in  water,  has  the  odor  of  ammonia,  and  a 
strong  alkaline  reactioiL  Its  composition  is  not  unvarying,  but  the 
usual  product  appears  to  be  a  mixture  of  hydro-ammonic  carbonate  and 
ammonic  carbamate  (§319)  in  equivalent  proportions.  Exposed  to 
the  air  it  loses  about  44  per  cent  of  its  weight,  owing  to  the  dissipation 
of  the  ammonic  carbamate,  which  ia  resolved  into  00^  and  NH^^  and 
the  opaque  spongy  residue  consists  of  hydro^unmonic  carbonate.  From 
the  commercial  salt  there  niay  be  prepared  well-defined  crystals  of  the 
three  following  compounds :  — 

Acid  or  Hydro-ammonic  Carbonate,    H^NH^O^CO 
Neutral  or  Diammonic  Carbonate,       {NH^^O^CO .  E^O 
Dihydro-tetra-amm<«uc  Tricarbonate,  B^yB^^'^0^'^(CO\.  B^O 

A  solution  of  the  neutral  salt  prepared  by  mixing  a  solution  of  the 
commercial  substance  with  the  requisite  amount  of  aqua  ammonia  is 
very  much  used  in  the  laboratory  as  a  reagent. 
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S36.  Chanoteristto  ReAOtloiui  of  the  ▲mmonlnm  Salts. — These 
oompomids,  when  heated  with  canstic  alkaliee  or  alkaline  eaithe,  give 
off  anunania  gas,  which  may  be  recognized  by  its  odor,  or  by  the  cloud 
it  forms  with  HGL  The  ammomum  salts  are  all  Tolatile — with  or 
without  decomposition — at  a  moderate  tempeiatuie  (except  in  the  few 
cases  in  which  the  acid  is  fixed),  and  are  thus  readily  distinguished 
from  those  of  the  non-Tc^tile  bases.  This  quality  is  of  great  impor- 
tance in  chemical  analyns,  and  leads  us  to  select  the  ammonium  salts, 
whenever  it  is  possible,  as  reagents,  because  the  excess  of  the  reagent 
and  all  the  ammoniacal  products  can  so  readily  be  eliminated  by  heat 

327.  Ammonium  Bases.  = — The  salts  formed  by  the  union  of  the 
compound  ammonias,  or  amines,  with  acid^  closely  resemble  those 
formed  from  ammimia,  and  may  be  regarded  as  consisting  of  radicals 
deriyed  from  ammonium  by  replacing  one  or  more  of  its  hydrogen 
atoms  with  other  poeitrye  radicals.  Of  these  compounds  the  most  in- 
teresting are  those  corresponding  to  ammonic  hydrates,  but  in  which 
all  four  of  the  hydrogen  atoms  haye  been  thus  replaced.  They  may 
be  prepared  from  the  tertiary  amines  in  a  manner  which  is  illustrated 
by  the  following  reactions :  — 


Ag^o^  2  [(oysr^iir-/] + h^o = 

2AgI^2{{{C^:),NyChH).    [308] 

The  solutions  of  the  amines  in  water,  although,  like  aqua  ammonia, 
they  ^lay  be  regarded  as  compounds  of  an  ammonium  radical,  are  decom- 
posed when  evaporated  into  the  volatile  amine  and  water,  and  it  might 
have  been  anticipated  that  the  tetra-ethyl-ammonic  hydrate  would  break 
up  in  a  similar  way,  but  such  is  not  the  case.  This  compound  is  stable, 
and  on  evaporating  the  solution  resulting  from  the  last  reaction  the  hy- 
drate is  obtained  as  a  white  solid  resembling  caustic  potash.  It  absorbs 
water  and  carbonic  dioxide  from  the  air ;  it  precipitates  the  metallic 
oxides  or  hydrates  from  their  salts ;  it  saponifies  fetts;  and  it  neutralizes 
the  strongest  acids,  just  as  potassic  hydrate  does.  Several  similar  com- 
pounds have  been  prepared ;  and  since  it  appears  that  the  four  hydro- 
gen atoms  of  ammonium  may  be  replaced  by  the  same  or  by  different 
atoms  at  will,  it  is  evident  that  an  infinite  number  of  such  compounds 
are,  theoretically  at  least,  possible.    These  hydrates  have  a  bitter  taste, 

SO 
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and  cannot  be  volatilized  without  decomposition.  In  both  of  these 
particulais  they  very  closely  resemble  the  non-volatile  oiganic  alkaloids, 
which  are  evidently  formed  after  the  same  type.  There  are,  therefore, 
two  classes  of  bases  derived  firom  ammonia ;  the  one  volatile,  after  the 
type  of  HgST;  the  other  non-volatile,  after  the  type  of  NH^O-H;  and 
corresponding  to  these  there  are  two  classes  of  oiganic  alkaloids,  the 
first  volatile,  like  nicotine  and  conine,  the  second  non-volatile,  like  qui- 
nine and  morphine.  In  all  these  bases  the  parts  are  grouped  around 
one  or  more  atoms  of  nitrogen,  and  the  difference  between  the  two 
classes  of  compounds  depends  primarily  on  the  £Eict  that  these  atoms 
are  trivalent  in  the  first  class  and  quinquivalent  in  the  second.  The 
two  classes  of  compounds  are,  however,  intimately  related,  and  may  be 
regarded  from  different  points  of  view.  Thus  the  amides,  imides,  and 
nitiiles,  which  we  have  considered  as  formed  after  the  type  of  ammonia 
gas,  may  also  be  regarded  as  anhydrides  of  the  salts  of  the  ammonium 
radicals,  and  in  many  cases  may  be  prepared  from  these  salts  by  a 
simple  process  of  dehydration.  Moreover,  careful  study  will  open  up 
many  other  relations  of  these  bodies,  all  of  which  must  be  considered 
before  we  can  command  a  comprehensive  view  of  the  subject. 

328.  Chloride  of  Nitrosian,  NQl^  is  a  very  volatile  yellow,  oily 
liquid,  obtained  by  the  action  of  chlorine  gas  on  a  strong  solution  of 
sal  ammoniac. 

329.  Bromide  of  Nitrogen,  NBr^  is  obtained  by  digesting  bromide 
of  potassium  with  chloride  of  nitrogen,  and  is  similar  to  the  last  in  ap- 
pearance, but  has  a  much  darker  color. 

330.  Iodide  of  Nitrogen,  JV7„  is  a  black  powder,  formed  when 
aqua  ammonia  is  added  in  large  excess  to  an  alcoholic  solution  of  iodine. 
The  chloride,  bromide,  and  iodide  of  nitrogen  are  all  highly  explosive, 
and  illustrate  in  a  most  marked  manner  the  instability  of  endothermous 
compounds  (§  74). 

331.  PHOSPHORUS.  P  =  31.  — Found  in  nature,  chiefly  in 
combination  with  calcium,  in  calcic  phosphate,  a  mineral  substance 
veiy  widely  but  sparingly  disseminated,  and  an  essential  but  subordi- 
nate constituent  of  many  plants,  and  of  all  the  higher  animal  structures. 
In  order  to  obtain  the  elementary  substance,  the  calcic  phosphate 
(generally  bone  ashes)  is  first  partially  decomposed  with  sulphuric  acid. 
The  9olrtble  acid  calcic  phosphate  thus  obtained  is  easily  separated  from 
the  nearly  insoluble  calcic  sulphate,  by  filtration.  The  solution  is  then 
evaporated,  the  acid  phosphate  mixed  with  pulverized  charcoal,  and  the 
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thoroughly  dried  mass  distilled  in  earthen  retorts.    The  distillation  pro- 
ceeds slowly,  and  requires  a  very  high  temperature. 

Cc40f{P0\  +  2  B^-O^'SO^  =  2  CarOiSO^  +  H^ CctbO^^PO)^ 
When  dried,      ff^,  C<dOf{PO\  =  Ccp'O^^PO^^  +  2  H^O,         [309] 
3  Oa^OfiPO^)^  +  C;o  =  CafOf{PO)t  ^  10  CO  +  P,. 

332.  Common  Phosphoma,  P^,  when  perfectly  pure,  is  a  colorless, 
transparent  solid ;  but  ordinarily  it  has  a  yellowish  tint,  and  is  only 
translucent.  At  low  temperatures  it  is  brittle,  but  at  20^  it  is  soft,  like 
wax.  It  melts  at  45'',  and  boils  at  290^  Sp.  Gr.  of  solid,  1.83.  In- 
soluble in  water,  slightly  soluble  in  alcohol  and  ether,  still  more  solu- 
ble in  both  the  fixed  and  volatile  oils,  and  very  soluble  in  carbonic 
disulphide  or  sulphurous  chloride.  Phosphorus  is  by  &r  the  most  com- 
bustible of  the  chemical  elements.  It  takes  fire  below  the  boiling  point 
of  water,  and  slowly  combines  with  the  oxygen  of  the  air  at  the  ordi- 
nary temperature.  If  in  not  too  small  quantity,  the  heat  evolved  by 
its  slow  combustion  soon  raises  the  temperature  to  the  point  of  ignition, 
and  it  is  therefore  always  preserved  under  water  or  alcohol  The  pro- 
duct of  the  rapid  combustion  is  phosphoric  pentoxide ;  that  of  the  slow 
combustion  in  moist  air,  chiefly  phosphorous  acid.  Exposed  to  the  air 
in  the  dark,  phosphorus  emits  a  greenish  light,  and  hence  its  name,  from 
^tum  if>op69 ;  but  this  phosphorescence,  though  always  accompanying  the 
slow  combustion,  does  not  appear  to  be  necessarily  connected  with  it. 
Sticks  of  phosphorus,  when  kept  under  water,  become  covered  after 
some  time  with  a  white  crust,  which  consists  of  a  mass  of  microscopic 
crystals ;  and  in  the  course  of  many  years  these  crystals  may  acquire 
considerable  size.  The  form  of  the  crystals  is  the  regular  dodecahe- 
dron of  the  first  system  (Fig.  26),  and  crystals  of  the  same  form  are 
obtained  by  slowly  evaporating  the  solution  of  phosphorus  in  carbonic 
disulphide. 

333.  Red  Phosphonu.  —  Exposed  to  the  direct  sunlight  under 
water,  phosphorus  becomes  covered  with  a  red  coating,  and  the  same 
red  modification  is  formed  in  great  abundance  when  ordinary  phospho- 
rus is  heated  for  several  hours  to  a  temperature  between  235°  and  250° 
in  an  atmosphere  of  carbonic  dioxide,  or  some  other  inert  gas.  Red 
phosphorus  is  insoluble  in  carbonic  disulphide,  and  is  thus  easily  sepa- 
rated from  the  portion  which  has  not  been  changed.  Iodine  facilitates 
the  conversion,  and  if  a^  solution  of  phosphorus  in  carbonic  disulphide 
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containing  a  little  iodine  is  sealed  up.  in  a  g^asB  flask  and  heated  for 
some  time  to  only  lOO^i  led  pboaphonu  is  slowlj  precipitated.  As 
usually  obtained,  red  phosphorus  is  an  amorphous  powder ;  but  it  has 
been  crystallized,  and  it  appears  that  the  crystds  are  rhombohedrons 
belonging  to  the  third  system.  Hence  phosphorus  la  dimorphous,  and 
in  this  respect  resembles  arsenic  and  antimony.  The  JS^.  Gr.  of  red 
phosphorus  is  about  2.1.  It  undergoes  no  change  in  dry  air,  and  may 
even  be  heatidd  to  250^  without  taking  fire ;  but  at  a  slightly  higher 
temperature  it  changes  back  to  common  phosphorus  and  inflames. 
The  specific  heat  of  red  phosphorus  is  0.1700,  while  that  of  the  ordi- 
nary variety  is  0.1387 ;  and  hence,  as  we  should  anticipate,  this  reverse 
change  is  attended  with  the  evolution  of  heat.  Moreover,  the  calorific 
power  of  common  phosphorus  is  to  that  of  red  phosphorus  in  the  pro* 
portion  of  1.15  to  1.  In  general,  red  phosphorus  is  less  active,  chem- 
ically, than  commxm  phosphorus,  and  is  not,  like  the  latter,  poisonous. 
Both  vaneties  are  largely  used  in  the  manufiioture  of  Motion  matches. 
The  red  variety  is  not  used  in  making  tiie  match  itself  but  only  in  the 
preparation  of  the  surface  on  which  it  is  rubbed. 

334.  Phosphoms  and  OvjfgKk.  —  The  fc^owing  compounds  of 
phosphorus  with  oxygen,  or  with  both  oxygen  and  hydrogen,  have 
been  observed.  We  give  the  usual  names,  but  the  stadent  is  now  in 
position  to  devise  a  more  philosophical  nomenclature. 

Phosphorous  Trioxide,  P%0^ 

Phosphorous  Pentoxide,  PtO^ 

Hypophosphorous  Acid,  ff'0-{PiOyB^ 

Phosphorous  Acid,  ff^-  O^^P^  0,H) 

Common  Phosphoric  Acid,  H^O^P^O) 

Metaphosphoric  Acid,  IfO-(IhO^ 

Pyrophosphoric  Acid,  H^i  O^P^  OfP) 

Sodium  Salt  of  Hexabasic  Acid,  Na^  O^P^  0^-P^  O^P^  O^P) 

Sodium  Salt  of  Dodecabasic  Acid,  Na^^O^{PyQOj^ 

The  relations  of  these  compounds  will  be  best  understood  by  taking 
as  our  first  starting-point  an  assumed  ortho  compound,  ff^OfP,  in 
which  the  atoms  of  phosj^orus  are  united  to  hydroxyl  by  all  their  five 
affinities.  Common  and  metaphosphoric  adds  are  now  simply  the  suc- 
cessive anhydrides  of  this  pentatomio  acid.  Starting  next  fit)m  the 
douUe  molecule  of  our  assumed  compound,  the  following  anhydrides 
are  possible :  — 
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J3;^»0,oi>P,  3d.        B^^Of{PkOjiP) 

2(L       HfO^P^O^^P)  6th,  (PSO^-P) 

Of  these  possible  eompoirnds  the  second  and  fourth  are  identical  with 
common  and  metaf^hosj^oric  adds,  of  which  the  symbola  represent 
two  molecules,  while  the  third  and  the  fifth  are  the  pyrophosphoric 
acid  and  phosphoric  anhydride  of  the  above  list.  The  first  anhydride 
of  this  series  has  not  yet  been  observed.  In  like  manner  we  may 
take  throe,  four,  or  more  molecules  of  the  first  compound,  and  deduce 
horn  each  of  these  condensed  molecules  another  series  of  anhydrides ; 
but  of  the  infinite  number  of  compounds  thus  possible,  only  the  salts 
of  the  hexabasic.  and  dodeoabasic  acid  mentioned  above  are  known. 
This  scheme,  however,  does  not  include  hypophosphorous  and  phos- 
phorous acids,  which  have  an  anomalous  constitution.  They  may  be 
regarded  as  orthophosphoric  acids  in  which  atoms  of  hydroxyl  (two  in 
the  first  case  and  one  in  the  second)  have  been  replaced  with  atoms 
of  hydrogen.  The  molecules  of  both  acids  contain  three  atoms  of 
hydrogen,  but  the  first  is  onJiy  monobasic,  and  the  second  dibasic ; 
and  this  fact  illustrates  an  important  principle.  In  all  the  so-called 
oxygen  salts,  only  those  atoms  of  hydrogen  are  replaceable  by  metallic 
atoms  which  aie  united  to  the  negative  radical  by  a  vinculum  con- 
sisting of  an  equal  number  of  oxygen  atoms.  The  hydrogen  and  oxy- 
gen atoms  thus  paired  are  equivalent  to  so  many  atoms  of  the  radical 
hydroxyl  (|  37). 

335.  Phoaphorona  Pentoadde  is  readily  prepared  by  burning 
phosphorus  in  dry  air.  It  is  an  amorphous  white  powder,  having  an 
intense  affinity  for  water,  and  is  sometimes  used  as  a  hygroscopic 
agent.  It  hisses  when  dropped  into  water,  and  gives  a  solution  of 
metapbosphoric  acid. 

336.  Metaphoaphorio  Acid. —r  This  compound  is  obtained  as  a 
vitreous  solid  (glacial  phosphoric  acid)  by  heating  orthophosphoric  acid 
to  redness.  Its  solution  coagulates  albumen,  and  one  molecule  of  the 
acid  saturates  only  one  molecule  of  sodic  hydrate.  By  boiling  the 
solution  the  acid  loses  its  power  of  coagulating  albumen,  and  acquires 
greater  capacity  of  saturation,  having  changed  into  common  phosphoric 
acid. 

337.  Common  Phoaphorlo  Acid.  —  This  is  much  the  most  im- 
portant of  these  compounds.  It  is  readily  prepared  by  boiling  phos- 
phorus in  not  too  strong  nitric  acid,  and  evaporating  the  liquid 
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product  to  the  consistencj  of  syrap.  The  oidinaiy  phosphates  are 
all  salts  of  this  acid,  and  one  molecule  of  acid  is  capahle  of  saturating 
thie^  molecules  of  hase.  Many  of  the  phosphates  are  thus  constituted, 
and  these  are,  theoretically  (§  39),  the  neutral  salts ;  evidently  we  have 
for  each  base  two  acid  salts.    Thus  in  the  case  of  soda  we  have 

M^^OfPO,  H,Na^^OfPO,  H^^a^OiPO-, 

so  in  the  case  of  lime  we  have 

Ca^^PC),,         B„CafOJ{PO\,         E„CaOf(,P0\. 

Here,  as  in  many  other  cases^  a  diatomic  metal  serves  to  solder 
together  two  molecules  of  the  acid. 

338.  Common  Sodlo  Phosphate,  H^Na^OfPO  .12H^0,  is  by 
far  the  most  important  of  the  salts  which  phosphoric  acid  forms  with 
the  bases  previously  studied.  It  is,  moreover,  the  chief  soluble  salt 
of  the  acid,  and  is  much  used  in  the  laboratory  as  a  reagent  It  is 
also  highly  interesting,  theoretically,  because  it  illustrates  by  its 
reactions  the  relations  we  have  just  been  considering.  A  solution 
of  the  salt  is  neutral  to  test-paper,  but  when  mixed  with  a  solution  of 
argentic  nitrate,  also  perfectly  neutral,  we  obtain  a  yellow  precipitate 
of  argentic  phosphate,  Ag^OfPO^  and  at  the  same  time  the  solution 
becomes  acid.  If  we  heat  some  crystals  of  the  salt  to  120^,  it  will  be 
found  that  they  lose  twelve  molecules  of  water ;  but  when  the  dried 
mass  is  dissolved  in  water,  and  the  solution  evaporated,  we  obtain 
crystals  of  the  same  form  (rhombic  prisms,  Fig.  65)  and  composition 
as  before,  and  which  give  again  the  same  reaction.  But  heat  some  of 
the  same  crystals  to  a  red  heat,  and  we  have  a  wholly  different  result. 
The  salt  loses  thirteen  molecules  of  water,  and  the  residue  is  less  solu- 
ble than  before.  On  evaporation  we  obtain  crystals  of  a  different  form 
and  composition  (NaJ^^O^ .  10J70),  and  the  solution,  after  precipi- 
tation with  argentic  nitrate,  although  previously  alkaline,  becomes 
neutral.  Moreover,  the  precipitate,  instead  of  being  yellow,  is  white, 
and  has  the  composition  AgJ^^O^. 

339.  Aficroooamlo  Salt.  H,Nff^,Nc^OfPO  .iH^O.  —  li  y^&mvL 
together  hot  saturated  solutions  of  common  sodic  phosphate  and  sal 
ammoniac,  we  obtain  the  following  reaction  :  — 

{H,Na^^Oi-  PO  +  NHfil  +  4  ^,0  +  Aq)  = 

H,NH,Jfce^O{^PO  .  4  ^,0  -f-  {NaCl  +  Aq).     [310] 

As  the  solution  cools,  the  microcosmic  salt  crystallizes  out,  leaving  sodic 
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cUoride  in  solution.  This  salt^  when  ignited,  loses  both  water  and 
ammonia,  and  the  sodic  metaphosphate,  which  lemains,  fuses  into  a 
colorless  glass  at  a  red  heat.  This  glass  acts  Yery  much  like  borax, 
and  is  used  in  the  same  way  as  a  blowpipe  flux. 

340.  Phosphoma  and  Hydrogen. — When  phosphorus  is  boiled 
with  strong  potash  or  soda  lye,  or  with  milk  of  lime,  a  gas  is  evolved, 
called  phosphuretted  hydrogen,  whfch  on  coming  in  contact  with  the 
air  inflames  spontaneously.  This  gas  consists  almost  entirely  of  the 
compound  H^P;  and  when  soda  is  used  the  reaction  by  which  it  is 
formed  is  as  follows :  — 

P^  +  (3  NarOH+  3  H^O  +  Aq)  = 

{ZNarOP0Ht'{-Aq)^H^.     [311] 

This  crude  product,  however,  is  not  pure  HJf^;  for  when  it  is  passed 
through  a  tube  cooled  by  a  freezing  mixture  it  deposits  a  small  amount 
of  a  very  volatile  yellow  liquid,  which  has  boen  found  to  be  a  second 
compound  of  phosphorus  and  hydrogen,  J^Pf ,  and  has  the  property 
of  inflaming  spontaneously  to  a  high  degree.  Moreover,  the  yew  thus 
treated  loses  its  power  of  self-lighting,  and  this  quality  in  the  crude 
product  is  evidently  due  to  a  smaU  admixture  of  the  liquid  substance. 
When  exposed  to  the  direct  sunlight,  the  liquid  compound  gives  off 
J^P,  and  deposits  a  yellow  solid,  which  is  a  third  compound  of 
phosphorus  and  hydrogen,  H^P^. 

•  5/r,p,  =  ir,p^+6£y>.  [312] 

This  same  solid  compound  is  deposited  on  the  sides  of  the  vessel  when 
the  crude  product  first  mentioned  is  exposed  to  the  sunlight,  and  in 
this  case  also  the  gas  loses  its  self-lighting  power. 

There  are,  then,  three  distinct  compounds  of  hydrogen  and  pho^ 
phorus.  But  of  these  the  first  is  by  far  the  most  important,  and  the 
other  two  are  chiefly  interesting  as  explaining  the  singular  phenomena 
just  noticed.  The  compound  H^^  called  usually  photphtne,  is  the 
analogue  of  ammonia  gas,  and  differs  from  it  in  composition  only  in 
containing  in  the  place  of  nitrogen  the  next  element  of  the  same 
chemical  series.  But  the  differences  in  properties  are  so  great  that  to 
superficial  observation  it  would  seem  as  if  there  were  no  similarity 
between  the  two  compounds.  Thus  phosphuretted  hydrogen  is  insol- 
uble in  water,  except  to  a  very  slight  de^e,  and  does  not  unite  with 
any  of  the  common  adds.    A  more  carefrd  study,  however,  discovers 
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yeiy  marked  leBemoIanceSy  for  it  appeals  that  JET^P  does  unite  witti 
HBr  and  JZT  to  form  the  compoondB  (^/')^r  and  {EJ^)I,  which 
leeemble  (H^N)Br  and  (H^N)L  Moreover,  the  atoms  of  hydrogen 
in  B^P  may  be  replaced  with  methyl,  CB^,  ethyl,  CfH^,  and  other 
radicals  yielding  compounds  similar  to  the  tertiary  amines,  which  we 
call  in  general  the  phosphines ;  and  it  farther  appears  that  the  phoe- 
phines  have  a  strong  basic  character,  combining  with  aU  the  ordinary 
acids  to  form  a  class  of  salts  corresponding  to  those  of  the  compound 
ammonias,  and  yielding  also,  by  reactions  similar  to  [307]  and  [308], 
compounds  analogous  to  the  hydrates  of  the  ammonium  radicals. 
There  are,  however,  even  here,  diJOferences  to  be  noted,  —  quite  im- 
portant, because  they  point  to  a  tendency  in  the  series  which  develops 
into  a  marked  character  in  the  next  element^  araenic.  The  com- 
pounds trimethylphosphine,  ( CS^^P,  and  triethylphosphine,  (CtB^zP* 
not  only  combine  with  acids,  but  they  also  unite,  as  diatomic  radicals, 
either  with  two  atoms  of  chlorine,  bromine,  or  iodine,  or  with  one 
atom  of  sulphur  or  of  oxygen.  Thus  are  formed  the  crystalline 
compounds 

{C^,),P^l».  (C,ff,)^0,  {o^s)*P-s. 

Lastly,  a  compound  has  been  described  corresponding  to  liquid  phos- 
phuretted  hydrogen,  and  having  the  symbol  {Off^)fP'{CB^P,  which, 
like  the  former,  is  both  liquid  and  spontaneously  inflammable.  It 
has,  moreover,  the  properties  of  a  feeble  basic  radical,  and  in  the 
chemical  series  finds  its  analogue  on  one  side  in  the  radical  amidogen, 
and  on  the  other  in  the  remarkable  compound  kakodyl  (§  349). 

341.  Phosphoma  and  Chlorine.  —  Phosphorus  combines  with 
chlorine  in  two  proportions.  When  the  phosphorus  is  in  excess, 
phosphorous  chloride,  PCl^,  is  formed,  which  is  a  fuming,  colorless 
liquid.  When,  on  the  other  hand,  the  chlorine  is  in  excess,  we  obtain 
phosphoric  chloride,  POl^,  a  white  crystalline  solid.  Both  com- 
pounds are  decomposed  by  water,  and  when  the  water  is  in  large 
excess  the  reactions  are  as  follows:  — 

PC/,  +  {ZB^O^Aq)=z  {H^'0^-POH'\'  3BCI  +  Aq).      [313] 
PCT,  +  (4  ii;  0  +  ilg)  =  (HfOfPO  +  5  JSrC/  +  Aq),       [314] 

If  in  the  last  reaction  water  is  not  present  in  sufficient  quantity,  we 
obtain  quite  a  different  result 

PCl^  +  ^  0  =5  PClfi  +  %HCl  [316] 


{ 343.]  ABSEHIO.  4^7 

Ihe  fint  of  the  thiee  leadaona  19.  important^:  becaufie  it  gives  an 
eaay  method  of  jmparing  pho^hofoua  acid,  and  the  last  has  a  special 
inteiesty  becaoae  it  illnstmtee  a  yaloable  application  of  phosphoric  chlo- 
ride. This  reagent  gives  us  the  means  of  replacing  an  atom  of  oxygen 
with  two  atoms  of  chlorine^  and  this  simple  change  f requenUy  gives  a 
elne  to  the  molecular  eonstitution  of  a>  chemical  codnpound.  The  com- 
pound FOlgO  IB  called  [Aosphorio  oxychloride,  and  there  is  also  a 
pho$phoric  sulphochloride^  PCl^S.  Both  axe  faming,  colorless  liquids. 
The  last^  when  heated  with  a  solution  of  caustic  soda,  gives  the  fol- 
lowing remarkable  reaction : — 

(Pa^  +  6  Na-  Oir-h  Aq)  = 

{Nii^^Oj^PS'^SyaCl+ZH.O  +  Aq).    [316] 

a 

342.  ARSENIC.  Ai  =  75.  —  Trivalent  or  quinquivalent.  One  of 
the  less  abundant  elements,  but  in  minute  quantities  quite  widely  dis- 
tributed. Found  native,  and  in  combination  both  with  sulphur  and 
with  many  of  the  metals.  The  most  abundant  of  the  native  com- 
pounds is  Mispickel,  FeS^ .  FeAs^,  and  by  simply  heating  this  mineral 
in  a  closed  vessel  the  elementary  substance  is  easily  obtained. 

2  Fe^At^St  =  4  FeS+  A$^.  [317] 

It  is  also  prepared  by  subliming  a  mixture  of  axsenious  oxide  and 
charcoaL 

^As^O^+^O^Ai^-^-ZOO^.  [318] 

343.  "Metallio  Anenlo,"  As^,  has  a  bright,  steel-gray  lustre,  and 
conducts  electricity  with  readiness.  It  is  therefore  frequently  classed 
among  the  metals,  and  hence  called  meiaUio  arsenic,  to  distinguish  it 
from  wkiU  arsenic.  On  the  other  hand,  it  is  very  brittle,  and  closely 
allied  in  all  its  chemical  relations  to  the  class  of  elements  with  which 
it  is  here  grouped.  Arsenic,  like  phosphorus,  ib  dimorphous,  and 
may  readily  be  crystallized,  both  in  octahedrons  of  the  first  system 
and  in  rhombohedrons  of  the  third.  Corresponding  to  these  two 
fon^s  are  two  allotropic  modifications,  distinguished  also  by  differences 
of  density  and  of  other  physical  qualities,  although  these  differences 
are  not  so  marked  as  those  between  the  two  states  of  phosphorua  In 
its  ordinary  condition,  arsenic,  .when  heated  out  of  contact  with  the 
air,  begins  to  volatilize  at  about  130^  without  previously  melting,  and 
it  cannot  be  brought  into  the  liquid  condition  except  under  pressure. 


! 
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The  Sp.  Gr.  of  the  solid  is  5.75,  and  that  of  the  vapor  lefenred  to  air 
10.6.  Heated  in  contact  with  the  air,  it  hums  with  a  pale  hlue  flame, 
and  the  product  of  the  comhuation  is  arsenious  oxide,  Ai^O^,  It 
cannot,  however,  maintain  its  own  comhustion,  and  goes  out  unless 
the  temperature  is  kept  ahove  the  point  of  ignition  by  external  means. 
At  the  ordinary  temperature  it  rapidly  tarnishes  in  the  air,  and,  when 
in  large  bulk,  the  oxidation  is  sometimes  sufficiently  rapid  to  ignite 
the  mass.  Serious  accidents  have  originated  from  this  cause.  The 
burning  of  arsenic  is  attended  with  a  peculiar  odor  resembling  garlic, 
which  is  very  characteristic.  It  is  insoluble  in  water  or  any  of  the 
ordinary  solvents. 

344.  Arsenic  and  OaEjgen. — Axvenlous  Oxide.  Ai^O^. — The 
white  powder  which  is  formed  by  the  burning  of  arsenic  is  the  most 
important  and  the  best  known  of  the  compounds  of  this  element. 
It  is  obtained  in  very  large  quantities  as  a  secondary  product  in.  the 
roasting  of  many  metallic  ores.  Like  arsenic  itself,  this  compound  is 
dimorphous,  and  may  be  obtained  crystallized,  both  in  octahedrons  of 
the  first  system  and  in  rhombic  prisms  of  the  fourth.  Moreover,  when 
freshly  sublimed,  it  appears  as  a  vitreous  solid,  and  in  this  third  state 
it  is  three  times  as  soluble  in  water  as  in  the  crystalline  condition. 
Common  white  arsenic  is  only  sparingly  soluble  in  water,  but  by  con- 
tinuous boiling  with  water  this  crystalline  condition  is  changed  into 
the  vitreous  (or  colloidal)  modification,  and  a  much  larger  amount 
enters  into  solution.  This  change,  however,  is  not  permanent,  and 
after  long  standing  the  excess  before  dissolved  is  all  deposited  in  octa- 
hedral crystals.  When  digested  with  the  mineral  acids,  or  with  aqua 
ammonia,  white  arsenic  dissolves  still  more  readily  than  in  water,  but 
on  standing,  the  larger  part  of  the  As^O^  is  deposited  from  these  solu- 
tions in  octahedral  crystals  as  before,  and  by  evaporation  the  whole 
may  be  thus  recovered,  indicating  that  no  stable  compound  had  been 
formed. 

345.  Amanitea.  —  Arsenious  acid,  H^O^Ai^  is  only  known  in 
solution ;  and  indeed  there  is  no  evidence  that  iifjO,  forms  with  water 
a  definite  hydrate.    There  are,  however,  several  well-defined  arsenates. 

Potassic  Arsenite  (Fowler's  Solution),  H^,K^OfA$ 

Cupric  Arsenite  (Scheele*s  Green),  H^Ou^O^Am 

Argentic  Arsenite  (Brilliant  Yellow),  Ag^O^A$ 

The  first  is  obtained  by  adding  to  a  solution  of  caustic  potash  an 
excess  of  As^O^,  and  the  last  two  are  precipitated  when  a  solution  of 
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the  fiist  is  added  to  the  solution  of  a  silver  or  copper  salt  Arsenious 
anhydride  is  a  most  violent  mineral  poison.  It  is  also  a  powerful 
antiseptic,  and  is  much  used  in  packing  hides  and  for  preserving 
anatomical  preparations. 

346.  Araenio  Acid,  HfOfA$0^  is  readily  obtained  by  treating 
Ab^O^  with  nitric  acid. 

On  evaporating  the  resulting  solution  under  regulated  conditions  of 
temperature,  definite  hydrates,  all  white  solids,  may  be  obtained  corre- 
sponding to  the  three  conditions  of  phosphoric  acid.  But  they  differ 
from  the  latter  in  that  when  dissolved  in  water  they  all  yield  solutions 
having  the  same  properties  and  containing  the  qame  tribasic  acid. 
From  this  acid  a  large  number  of  arseniates  may  be  prepared.  The 
following,  all  of  which  may  be  obtained  in  well-defined  crystals,  are 
-isomorphous  with  the  corresponding  phosphates :  — 

NafO^ABO.UH^O  H,NaiOiAsO.UH^O 

H^,Na^OfABO,H^O  H^.K^O^AbO  ^      •' 

These  salts  may  be  all  rendered  anhydrous  by  heat,  and  firom  the  acid 
salts  products  may  be  thus  obtained  corresponding  in  composition  to 
the  meta-  and  pyro-phosphates ;  but  when  dissolved  they  reunite  with 
water  and  become  tribasic.  Hence  aqueous  solutions  of  all  these 
arseniates  give,  with  argentic  nitrate,  the  same  precipitate,  AgfOfABO. 
This  precipitate  has  a  brick-red  color,  and  enables  us  to  distinguish  an 
arseniate  from  an  arsenite.  It  is  not  formed,  however,  if  an  excess  of 
ammonia  or  if  a  free  acid  is  present.  On  adding  a  solution  of  magnesio 
sulphate  containing  an  excess  of  ammonia  to  a  solution  of  an  arseniate, 
a  precipitate  is  obtained,  {H^N),Mg^O^A»0 .  ^  H^O^  which  very 
closely  resembles  the  corresponding  precipitate  obtained  with  a  phos- 
phate under  the  same  conditions. 

347.  Arsenic  Anhydride,  ^tf^O^,  is  obtained  as  a  white  amorphous 
solid  when  arsenic  acid  is  heated  nearly  to  redness.  At  a  higher  tem- 
perature it  fuses,  and  is  decomposed  into  Ab^O^  and  OO. 

348.  Arsenic  and  Hydrogen. — There  are  two  compounds,  a  solid, 
HJLb^j  and  a  gas,  H^A$.  The  gas,  often  called  ArBine,  is  formed  when- 
ever hydrogen,  in  its  nascent  condition,  comes  in  contact  with  a  com- 
pound of  arsenic,  and  its  formation  gives  us  one  of  the  most  delicate 
means  of  detecting  the  presence  of  arsenic  in  cases  of  poisoning.   Thus, 
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when  aiKiKiras  add  ia  iiitiodiioed  uifto  c&  aiipanitoB  eTdviag  hjdzor 
gnif  we  Ji«f«  tiiB  zipaction 

i^sO^Jj  +  3JBFJGr=  3  J^0+  .fl;ii.  [321] 

As  thus  obtainedy.howevei^  the  gas  is  sKxe  or  lees  mixed  wiflt  kydio- 
gea.    It  may  be  obtained  pure  b j  the  foUowing  nactioii :  — 

It  is  a  ooloiiesB  gas  (Sp.  €rr.  33w9),  which  may  be  condensed  to  a 
liquid  boiling  at  30^.  It  has  a  lepnlstTe  odor,  and  is  excesdingiy 
poisonous.  It  burns  in  the  air,  fonning  At^O^  and  ff^O,  and  the  flame 
deposits  on  a  cold  smfiioe^  which  is  prased  upon  it^  a  brilliant  mirror 
of  metallic  aisenie.  The  gas  is  decomposed  when  passed  through 
a  red-hot  glass  tube,  and  a  similar  mirror  is  fonned  on  the  inner 
suifsoe  in  front  of  the  heated  portion.  By  carelal  experimenting 
these  mirrorB  may  be  obtained  with  hydrogen  gas  fdiich  contains 
only  a  mere  trace  of  arBenic  When  araenioretted  hydrogen  is  passed 
into  a  solution  of  argentic  nitrate^  we  obtain  the  following  remarkable 
reaction:  — 

When  passed  into  strong  nitric  acid,  -*- 

3J7^«  +  8iZyO,=  3^sO,«ii*0+4i550+8ira,      [323] 
or, 

i^# + 8  jzyo,  =  ii;so,«iitO + 4  i^o + 8  j\ro,. 

349.  Compoaada  with  the  Aloohol  Radicals. — Arsenic  fonoa 
compoonds  analogous  to  the  amines^  phosphines,  and  their  deriva- 
tiyes.  The  compounds  trimethyl-arsine,  (CB^^ty  and  trietbyl-arainey 
(Cfff^^tf  do  not^  however,  like  the  corresponding  phosphines,  com- 
bine directly  with  If  CI  and  the  similar  acids,  but  they  do  unite  very 
readily  with  two  atoms  of  chlorine,  bromine,  or  iodine,  or  with  one 
atom  of  oxygen  or  sulphur,  forming  such  compounds  as 

{CB^^rCl^,  {C^,)^rBr^,  (CB^^rO,  (C^J^rS 

They  also  unite  with  the  iodides  and  bromides  of  the  alcohol  radicals^ 
forming  such  compounds  as 

(CH^^Afl,  or  (C^J^rA-, 
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and  frt)m  these  may  be  deriTed  basie  compounds  analogoos  to  ammo- 
nic  hydrate,  like 

(CB^^ArO-ja;  or  {0^;)^S'0-R 

Bnt  by  fiu  the  most  important  of  this  class  of  compounds  are  those 
which  may  be  regarded  aa  derived  &om  a  rema^able  radical  sab- 
stanoOy  {0£Q^(OB^e,  called  kakodyl,  which  is  formed  when  a 
mixture  of  arsenious  anhydride  and  potassic  acetate  is  submitted  to 
distillation  in  a  closed  retort  A  crude  complex  produ(^  is  thus 
obtained,  from  which  the  radical  substance  may  be  subsequently 
separated.  Pure  kakodyl  is  a  spontaneously  inflammable,  exceed- 
ingly fetid,  fuming  liquid,  resembling  in  many  respects  the  correspond- 
ing compound  of  phosphorus.  It  enters  into  direct  combination  with 
several  of  the  elements,  and  is  one  of  the  best  defined  of  the  radical 
substances.  Eepresenting  the  group  of  atoms  (CB^^s  by  Kd,  the 
symbols  of  a  few  of  the  more  characteristic  compounds  will  be  as 
follows :  — 


Kakodyl, 

Si-Xd 

Kakodylons  Oxide, 

Ki^O    ' 

Kakodylic  Oxide, 

Kd»Ot 

Eakodylic  Add, 

H-O-KdO 

Kakodylic  Anhydride^ 

KdtO, 

Kakodyloiu  Sulphide^ 

KdtS 

Eakodylic  Solphide, 

Kd^S, 

Sulpho-kakodylic  Acid, 

H-a-EdS 

Snlpho-kakodylio  Anhydride, 

KdtS^ 

Eakodylous  Chloride,  Bromide,  or  Iodide,  KdCftf  KdBr,  or  Kil 
Kakodylic  Chloride,  Bromide,  or  Iodide,    EdOl^ £dBr^y  or  Kdl^ 

The  mutual  relations  of  the  compounds  studied  in  this  section  are 
illustrated  by  the  following  scheme,  which  includes  all  the  known 
compounds  of  arsenic  with  methyl  (Afe  ^  CIT^)  and  chlorine : — 

Type  ^N,  Tjrpt  air«jv: 

MeyMt^M^AB  Cl,Me,IfeyMeyMdA9 

Cl,Mt,M^A$  (%,  (XMt,Me,MAA% 

Cl,Cl,Mi*A9  a,0l,0l,Me,MdA9 

oiyCiyC^As  a,a,a,a,MAAi 

By  direct  union  with  C?f ,  the  compounds  of  the  first  column  may 
be  changed  into  the  compounds  of  the  second  column  on  the  next 
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lower  line,  and  the  eompotinds  of  the  second  column,  when  heated, 
break  up  into  MeCl  and  the  corresponding  compound  of  the  first 
colTimn  on  the  same  line.  Moreover,  the  first  compound  of  the  first 
column  unites  directly  with  Me  01  to  form  the  first  compound  of  the 
second  column.  Besides  the  compounds  mentioned  above,  this  scheme 
includes  another  class  of  compounds,  which  may  be  regarded  as  formed 
from  the  radical  {Cff^Ai  (corresponding  to  BN),  not  yet  isolated. 
Such  are 

(OJBQArl^,  (OB^ArO, 

{CH^jAma^,  B^'Ot'((OH^)Af'0). 

They  are  called  arsenmonomethyl  iodide,  oxide,  etc.,  and  the  last, 
arsenmonomethylic  acid.  It  is  evident  that  the  quantivalence  of  the 
radical  is  not  the  same  in  all  the  compounds. 

350.  Compoonda  with  Chlorine,  Bromine,  and  Iodine.  —  These 
elements  unite  directly  with  arsenic,  but  only  in  one  proportion, 
forming  AsCl^,  AsBr^,  and  Ail^,  The  first  is  a  liquid,  the  last  two 
are  volatile  solids  at  the  ordinary  temperature  of  the  air.  They  are 
all  decomposed  bv  water. 

2A9Br^+  3  J7j0  =  As^O^  +  6  JZBr.  [324] 

351.  Compoimds  with  Sulphur.  —  Arsenic  and  sulphur  may  be 
melted  together  in  all  proportiona  They  also  form  several  distinct 
compounds.     The  most  important  are,  — 

352.  Realgar,  As^S^,  a  brilliant  red  solid,  much  used  as  a  pigment^ 
and  found  in  nature  well  crystallized. 

353.  Orpimant,  As^S^,  a  brilliant  pellaw  solid,  also  used  as  a  paint 
Formed  whenever  arsenic  is  precipitated  from  its  solutions  by  Hf& 
Also  found  crystallized  in  nature.  The  precipitated  sulphide  is  insol- 
uble even  in  strong  hydrochloric  acid,  but  it  is  readily  soluble  in 
solutions  of  caustic  alkalies ;  also  of  ammonia,  ammonic  sulphide,  and 
even  of  ammonic  carbonate.  From  all  these  solutions  it  is  again  pre- 
cipitated by  acids. 

Ai^S^  +  (^  K-O-H  4-  Aq)  = 

(J?ir^  O^^As  +  H.KfS^^AB  ^H^OJ^Aq),    [325] 

{H^Na^O^^Aa  +  Z H^S -\- Aq)  =  {H^Na^^Sj^Ai-^-ZH^O  +  Aq).   [326] 

Ab^S^  +  (6  K-S-H^t  Aq)  =  (2  K^^SfA»  +  -4^)  +  3  H^,       [327] 

(2  K^^S^^Ab  +  6  ^TCT  +  Aq)  =  Ab^  +  (6  KCl  +  -iy)  +  3  E^S.    [328] 

Compare  [353  to  355]  beyond. 
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354.  Ananlo  Sulphide.*  As^^ .  —  Only  known  in  combination. 
Bolphor  Baits.  — The  sulphides  As^S^  and  As^S^  aie  ''sulphur 

anhydrides/'  and  form  with  the  sulphur  bases  a  vety  laige  and  im- 
portant class  of  sulphur  salts,  many  of  which  are  native  compounds 
and  important  metallic  ores.  The  reactions  [325  to  328]  will  illua- 
trate  the  formation  of  compounds  of  this  class. 

Bnlpho-ananitas. 

Proustite^  Hexagonal,  Ag^S^As 

Tennantite,  Isometric,  [Cu^^^At^ .  FeS 

Sartorite,  Orthorhombic,  PtpS^'AsfS^ 

Dufir^noysite,  Orthorhombic,  Pb/SjiA,8^S 

Bnlpho-araenlatas. 

Enargite,  Orthoriiombic,  [Cu^SXAtS)^ 

These  symbols  should  be  compared  with  those  of  the  corresponding 
compounds  of  antimony,  in  connection  with  which  their  mutual  rela- 
tions will  be  explained. 

355.  Charaoterifltio  Reaotiona.  — The  importance  of  proving  the 
presence  or  absence  of  arsenic  in  cases  of  suspected  poisoning  has  led 
to  a  most  careful  study  of  the  characteristic  reactions  of  this  element, 
and  hence  our  knowledge  on  these  points  is  unusually  accurate  and 
fulL  The  most  striking  of  these  reactions  have  already  been  given. 
Further  details  or  descriptions  of  methods  by  which  arsenic,  even 
when  in  minute  quantities,  may  be  detected  and  distinguished  firom 
antimony,  lie  beyond  the  scope  of  the  present  work. 

356.  AimMONT.  Sb  =  120.  —  Trivalent  or  quinquivalent. 
This  element  is  less  abundantly  distributed  than  arsenic,  although 
found  in  similar  associations.  The  most  abundant  native  compound 
is  the  gray  sulphide,  Antimony  Glance,  SbfS^,  which  occurs  not  only 
in  a  pure  state,  but  also  in  combination  with  other  metallic  sulphides. 
Antimony  is  sometimes,  although  rarely,  found  in  the  metallic  state, 
and  likewise  in  combination  with  oxygen. 

357.  MataUlo  Antimony  is  most  readily  extracted  firom  the  native 
sulphide  by  smelting  the  ore  with  metallic  iron. 

58^,5;+  3  JR?  =:3FeS+  Sb^.  [329] 

It  is  also  extracted  by  first  roasting  the  ore, 

2Sb,S,  +  9O0^2Sbt0^+6S0^,  [330] 
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and  theii  melting  with  dhaxccal  and  aodic*carbonate.  The  last  opera- 
tion oonverto  unto  oxide  the  small  portion  of  the  solphide  wfaidi 
eecaped  oxidation  in  the  roasting  process, 

^jiS;  +  3  Na^*0^<lO  =  56,0,  +  3-»a,5+  3  CO,,       [331] 

and  the  charcoal  rednces  the  oxide  to  metallie  antimony, 

56,0a  +  30  =  56, -f  3  CO.  [332] 

By  oxidizing  the  cmde  metal  with  nitric  acid,  and  again  reducing  with 
charcoal,  the  antimony  may  be  obtained  in  a  pure  condition. 

Antimony  is  closely  allied  to  arsenic,  but  possesses  the  properties  of 
a  metal  to  a  still  higher  degree.  It  has  a  bright  metallic  lustre,  which 
it  preserves  in  the  air.  Itr  has  a  high  Sp.  Gr.  (6.7),  and  conducts  heat 
and  electricity  with  facility.  Its  conducting  power,  howerer,  is  infe- 
rior to  that  of  the  perfect  metals,  and,  moreover,  it  is  very  brittle,  and 
may  be  readily  reduced  to  powder.  It  has  also  a  highly  crystalline 
structure,  aiid,  like  arsenic,  it  may  be  obftoed  crystallized  both  in  rhom- 
bohedrons  of  the  third  system  and  in  octahedrons  of  the  first.  The 
first  is  the  common  form,  and  lumps  of  the  metal  may  sometimes  be 
cleaved  parallel  to  the  rhombohedtal  planes,  which  are  always  more  or 
less  evident  on  the  fractured  surface.  Antimony  melts  at  430^,  and  it 
volatilizes,  but  only  very  slowly,  at  a  full  red  heat.  The  melted  metal, 
when  heated  in  the  air,  slowly  oxidizes,  and  before  the  blowpipe  it 
bums,  the  product  of  the  oxidation  being  in  either  case  Sb^O^  Anti- 
mony is  only  very  slightly  acted  on  by  pure  hydrochloric  acid,  even 
when  concentrated  and  boiling ;  but  on  the  addition  of  a  vety  small 
amount  of  nitric  acid,  the  metal  dissolves  easily^  forming  a  solution 
of  SbCls. 

Sbt+ieHCl+effNO^-^Aqi^ 

(2SbOl^+eB^O  +  Aq)  +  62!rO^    [333] 

With  the  aid  of  heat  it  dissolves  in  strong  sulphuric  acid. 

56,  +  6  B^O^  =  SbfO^SOt\  +  3  50,  +  6  JS;  0.         [334] 

Nitric  acid,  when  in  excess,  converts  the  metal  into  a  white  powder 
insoluble  in  the  acid  (chiefly  Sb^O^.  I^  however,  the  nitric  acid  con- 
tains a  little  hydrochloric  add;  the  product  is  metantimonic  acid. 

56,+  4J5FO-^0,  =  2J5FO-560,  +  i5r,0  +  ^,0,+  2-yO.    [335] 
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LasUjy  antimony  diaolyes  readily  in  a  miztme  of  tartaric  and  nitric 
acids,  which  is  one  of  the  best  solvents  of  the  metal  Metallic  anti- 
mony is  chiefly  used  in  the  arts  to  form  alloys  with  other  metalsi  to 
which  it  imparts  a  greater  hardness  and  dombility.  Type-metal  is  an 
alloy  of  four  parts  of  lead  and  one  of  antimony.  This  alloy  expands 
in  ''  setting/'  and  therefore  takes  a  sharp  impression  of  the  mould  in 
which  it  IB  cast ;  and  this  property,  as  well  as  the  hardness,  renders 
type-metal  peculiarly  suitable  to  the  important  use  to  which  it  is  ap- 
plied. Britannia  metal,  an  alloy  of  brass,  antimony,  tin,  and  lead, 
much  used  as  the  base  of  plated  silyer-waie,  also  owes  its  hardness 
and  durability  to  the  antimony  it  contains. 

358.  Antimony  and  Chlorine. — Antimonioiia  COiloiide.  8Wl^ 
— A  solution  of  this  compound  is' readily  obtained,  either  by  [333],  or 
by  dissolving  the  native  sulphide  in  hydrochloric  acid.  On  evaporat- 
ing the  excess  of  add,  and  distilling  the  residue,  the  chloride  is  ob- 
tained as  a  white  crystalline  solid.  It  is  deliquescent,  very  volatile, 
and  melts  so  readily  (72°)  that  it  was  formerly  known  as  Butter  of  An* 
timony.  The  Sp.  Gr.  of  its  vapor,  as  found  by  experiment,  is  112.7. 
Antimonious  chloride  may  also  be  obtained  by  distilling  antimony  or 
antimonious  sulphide  with  mercuric  chloride,  and  also  by  Higtillmg  a 
mixture  of  antimonious  sulphate  with  common  salt. 

Sh^  +  4  Hga^  =  S\Bg^  +  [^JC^  +  2  J5b®I,  [336] 

»^3  +  3  HgClt  =  3  HgS  +  2  SbOl,  [337] 

Sf>t  O^SO^}^  -f-  6  -BTa  C7  =  3 Na^-  OfSO^  +2Sb  01^        [338] 

Antimonious  chloride  is  decomposed  by  water,  forming  an  insoluble 
oxychloride  and  hydrochloric  acid.    Hence  the  solution  obtained  by 
[333]  becomes  turbid  when  diluted  with  water.     The  presence  of 
tartaric  add  in  suffident  quantity  prevents  the  decompomtion,  and  a 
\  sdution  of  this  add  dissolves  the  oxychloride  when  formed.    By  long- 

continued  washing  the  oxychloride  may  be  converted  into  antimonious 
oxide. 

{ShCk  +  Aq)  =  SbOCl  -K2  J5R7/  -h  Aq).  [339] 

4  SWlt •¥Aq:=z  Sb,0,Cl,  +  (10 Ha  +  Aq). 

8b AClf  +  i<?  =  2  Sb,0,  +  {2HCI  -H  Aq).  [340] 

Antimonious  chloride  combines  with  the  chlorides  of  the  metals  of 

80 
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tUe  alkalies  and  of  the  alkaline  earths^  and  fonns  soluble  ciystalline 
salts.  Hence  it  may  be  mixed  with  concentrated  solutions  of  these 
chlorides,  as  also  with  strong  hydrochloric  acid,  without  undergoing 
decomposition.  The  following  are  the  symbols  of  a  few  of  these  double 
chlorides,  which  are  best  regarded  as  molecular  compounds :  — 

3  (H^N)  CI  .ShCl^,  UiTjO,*  2  (HJir)Ol .  ShCk  .  ^0, 

3  KCl .  ShCl^  2KCI .  SbCln,    * 

3 NaCl .  Sba^  BaCl^  .  8bOU.  2Jir,0 • 

359.  Antimonlo  Chloride,  SbOl^  may  be  formed  by  passing  chlo- 
rine gas  over  SbCl^t  or  by  acting  on  the  metal  with  an  excess  of  the 
same  reagent  It  is  a  volatile,  fuming  liquid,  which  readily  parts  with 
two  fifths  of  its  chlorine,  and  is  therefore  sometimes  used,  like  POlg, 
as  a  chloridizing  agent.  It  is  at  once  decomposed  by  water.  With 
only  a  small  quantity  it  forms  an  oxychloride  (compare  [315]). 

jy,0  +  SbOl,  =  2  iJC/  +  SbCkO.  [341] 

With  an  excess  of  water,  meta-  or  dimetsrantimonic  acid  results. 

SbCl,  +  4  Zi;(>  =  H^O^SbO  +  6  HOI,  [342] 

or 

2  56(7/3  +  IH^O^H^O^Sb^O^-^  10  BOL  [343] 

The  presence  of  tartaric  acid  prevents  these  reactions.  By  the  action 
of  S^S  on  SbCl^  a  sulpho-chloride  may  be  formed. 

Sb  CI,  +  If^S  =  Sb  OUS  +  2  ffOl.  [344] 

A  bromide  of  antimony,  SbBr^  and  an  iodide,  Sbl^  are  readily 
formed  by  the  direct  action  of  these  elements  on  the  metal,  but  no 
penta-bromide  or  iodide  has  yet  been  obtained.  They  are  both  fusible 
and  volatile  solids,  and  when  acted  on  by  water  are  converted  into 
Sb^O^Br^  and  Sb^O^I^  The  corresponding  fluoride  dissolves  in  water 
without  decomposition,  and  forms  with  the  alkaline  fluorides  a  number 
of  double  salts. 

3  NaF .  SbF^  2  {H^lir)F .  IS^F^  KF ,  SbF^ 

360.  Antimony  and  Oxygen.  —  Antimonioos  Oxide.  Sb^Og,  — 
This  compound,  already  mentioned  as  a  product  of  the  direct  oxidation 
of  antimony,  may,  like  As^O^  be  obtained  crystallised  both  in  octahe- 

*  These  symbols  are  thus  written  to  show  the  reUtuHia  of  the  oompoonds.  To 
be  strictly  accurate,  they  should  be  doubled. 
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drons  of  the  first  system  or  in  rhombic  prisms  of  the  fourth,  and  on 
this  difference  of  form  depends  the  distinction  between  the  two  min- 
erals Senarmontite  and  Valentinite,  both  of  which  consist  of  this  same 
sabstance.  The  oxide  is  most  readily  prepared  artificially  by  pouring 
a  solution  of  SbCl^  [333]  into  a  boiling  solution  of  sodic  carbonate. 

(3  Na^'0^0  +  2  SbCl^  +  Aq)  = 

Sb,0,  +  (6  NaCl  +  Aq)  +  Z  O®,    [345] 

Antimonious  oxide  acts  both  as  a  basic  and  as  an  acid  anhydride, 
although  the  first  is  by  far  its  most  marked  character.  It  is  but  very 
slightly  soluble  in  water.  When  the  solution  of  SbCl^  is  poured  into 
a  cold  solution  of  sodic  carbonate,  we  have  the  reaction, 

(3 Naj^O^'CO  +  2  ShCl^  -^  B;,0 -i- Aq)  =: 

2  H-O-SbO  +  (6  NiiCl  ^Aq)  +  3  O©,,    [346] 

and  the  product  may  be  regarded  as  meta-antimonious  acid,  for  it  dis- 
solves in  caustic  alkalies,  and  forms  definite,  although  very  unstable, 
salts.  On  the  other  hand,  the  oxide  dissolves  in  fuming  sulphuric  and 
fuming  nitric,  as  well  as  in  hydrochloric  acid,  forming  ciystalline  salts 
in  which  the  antimony  plays  the  part  of  a  basic  radical 

The  most  important  salt  of  this  class  is  that  formed  by  dissolving 
Sh^O^  in  a  solution  of  acid  potassic  tartrate  (Cream  of  Tartar).  This 
compound  is  very  much  used  in  medicine  as  an  emetic,  and  hence  the 
trivial  name  Tartar  Emetic,  Tartaric  acid  is  tetratomic,  but  only  dibasic 
(§  44),  and  we  have  the  following  series  of  compounds :  — 

Tartaric  Acid,  ff^  H^  0^  O^Hfi^ 

Neutral  Potassic  Tartrate,  JS;,  Hf  Of{  C;^0,) 

Add  Potassic  Tartrate,  K,H,  Hf  Of{C^H^  O,) 

Tartar  Emetic  (crystaUized),  K.ShO,  fffOf{G^H^O;) .  Hfi 
"          after  heating  to  200^  Z,  SbtO^O^Hfi^ 

It  will  be  noticed  that  in  forming  tartar  emetic  the  radical  IS)0  ot 
the  compound  H-O-SbO  takes  the  place  of  one  atom  of  basic  hydrogen, 
which  still  remains  unreplaced  in  cream  of  tartar.  On  heating  the 
crystallized  salt  to  100°,  it  gives  up  its  water  of  crystallization.  At 
200°,  it  gives  off  an  additional  molecule  of  water,  formed  at  the  expense 
of  the  oxygen  in  the  radical  just  named,  and  of  the  two  atoms  of  hydro- 
gen distinguiBhed  as  negative  in  the  acid;  and  it  will  be  seen  that^  in 
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the  aidiydionB  aalt  thiu  oUainfid,  one  atom  of  antimony  takes  the  place 
of  three  typical  atoms  of  hydiogem  in  tartaric  acid.  Compounds  simi* 
lar  to  tartar  emetks  may  be  made  in  a  similar  way  with  the  oxides  of 
arsenic,  bismuth,  and  uranium.  Their  symbols  differ  from  that  of  tar- 
tar emetio  only  in  haying  the  radicals  AmO^  A»0^  BiO,  or  170,  in 
place  of  SbOy  and  they  imdergo  a  similar  decomposition  when  heated. 
Compounds  of  the  same  class  may  also  be  obtained  with  other  anhy- 
drides than  those  of  the  group  of  elements  we  are  now  studying  (as 
FtfOf,  O,0„  B^O^  etc),  and  when  it  is  further  added  that  the  potas- 
sium in  these  compounds  may  be  replaced  by  other  univalent  radicals, 
or  even  by  bivalent  radicals  soldering  together  two  molecules  of  the 
ordinary  type,  it  will  be  seen  that  a  very  large  number  of  such  salts  are 
possible.  Lastly,  the  fieust  that  a  compound  has  been  prepared  in  which 
two  of  the  typical  atoms  of  hydrogen  are  replaced  by  the  positive  radi- 
cal ethyl,  while  the  other  two  are  replaced  by  the  negative  radical 
acetyl,  and  the  additional  &ct  that  no  salt  can  be.  obtained  in  which 
all  the  four  atoms  are  replaced  by  a  well-defined  positive  radical,  give 
a  strong  presumption  in  &vor  of  the  formula  of  the  tartntes  adopted 
above. 

Antimonious  oxide,  when  heated  out  of  contact  with  the  air,  vola- 
tilizes .unchanged ;  but  under  the  same  conditions  in  the  air  it  bums 
like  tinder,  forming  a  higher  oxide,  Sb^O^,  which  is  fixed,  even  at  a 
high  red  heat.  By  ignition  with  charcoal  or  hydrogen,  all  the  oxides 
are  readily  reduced  to  the  metallic  state. 

361.  Antlmonlo  Add.' — The  reactionB  have  already  been  given 
[335,  342,  343],  by  which  three  conditions  of  this  acid  may  be  pre- 
pared   They  are 

Orthoantimonic  Acid,  H^O^iSb 

Meta-antimonic  Acid,  B^O^SbO 

Dimeta-antimonic  Acid,  H-O-SbO^ 

Metadiantimonic  Acid,  H^O^Sb^O^ 

The  last  is  called  generally  pyroantimonic  acid,  and  may  also  be  pre- 
pared by  acidifying  a  solution  of  its  acid  potassic  salt  described  below, 

{H,,£fO,9Sb^O^+2HCl  +  Aq)  =  fffOj^O^^(2KCl^Aq)',  [347] 

but  when  this  precipitate  is  dried,  it  loses  water  and  changes  into 
meta-antimonic  acid, 

fffOj^O^  c=  2  H-O-SbOt  -h  H^O.  [348] 
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The  existence  of  orthoentimoiiic  \>cid  has  not  Imen  ae  yet  well  estab- 
liflhed,  but.  the  othen  are  known,  and  many  of  their  salts  haye  been 
investigated.  The  most  interesting  of  these  salts  is  obtained  by  fusing 
antimonic  anhydride  with  an  excess  of  potassic  hydiate,  and  extracting 
the  fused  mass  with  water.  An  alkaline  solution  is  obtained,  containing 
a  salt  whose  composition  is  expressed  by  the  Bjmhol  If^KfOj^b^O^» 
This  solution  produces  a  precipitate  in  solutions  of  saks  of  sodium,  and 
is  sometimes  used  as  a  reagent  in  testing  for  this  element  The  sodic 
salt  thus  precipitated  has  the  composition  H^Na^O^h^O^.^H^O. 
Antimonic  acid,  in  either  of  its  conditions,  is  insoluble  in  water,  as 
are  alio  the  antimoniates,  with  a  &w  exceptions.  In  this  respect  they 
frequently  differ  from  the  corresponding  compounds  of  phosphorus  and 
arsenic,  which  they  closely  resemble  in  molecular  constitution. 

362.  Antin&onio  Anhydzlda,  Sb^O^,  is  readily  prepared  by  gen- 
tly heating  meta-antimonic  acid,  the  product  of  reaction  [335].  It  is 
a  pale  yellow  powder,  insoluble  in  water.  Fused  with  alkaline  hy- 
drates or  carbonates,  it  yields  various  antimoniates.  When  ignited 
alone  it  gives  off  one  fifth  of  its  oxygen,  and  the  product  is  the  same 
white  powder,  Sb^O^,  which  is  formed  by  the  oxidation  of  antimonious 
oxidsL  This  intermediate  oxide  is  the  most  stable  of  the  oxides  of 
antimony.  It  is  sometimes  called  antimonious  acid,  and  when  fused 
with  the  alkalies  it  enters  into  combination  with  them;  but  the  pro- 
ducts thus  obtained  may  be  regarded  as  mixtures  of  an  antimonite  and 
an  antimoniate,  and  the  oxide  itself  appears  to  be  an  antimoniate  of 
antimony,  ShO-0-ShO^,  A  rare  mineral  called  Cervantite  has  the 
same  composition. 

363.  ▲nttmonj  and  Hydrogen. -r- Btiblne,  or  Aatlmoninrettad 
H7drogen«  i9^.  —  When  any  soluble  compound  of  antimony  is 
added  to  an  apparatus  evolving  hydrogen  [64],  we  obtain  a  product 
closely  resembling  arseniuretted  hydrogen,  but  containing  antimony 
instead  of  arsenic 

ShCl^  -H  3  H-H^  HJSh  +  3  HCl.  [349] 

The  antimony  compound  thus  formed  is  always  mixed  with  much 
hydrogen  gas,  and  has  not  yet  been  obtained  in  a  pure  condition. 
When  burnt  in  air  it  yields  water  and  antimonious  oxide. 

2  H^ab  -h  3  OO  =  56*0,  +  3 J7,0.  [350] 

If  burnt  against  a  cold  surface,  so  that  the  combustion  is  incomplete, 
the  antimony  is  deposited  and  a  metallic  mirror  is  formed. 
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iH^Sb  +  3  OO  =  i»4  +  6fl;0.  [351] 

The  oompotmd  is  decomposed  and  a  similar  mirror  formed  when  the 
gas  is  passed  through  a  red-hot  tube. 

When  the  gas  is  transmitted  through  a  solution  of  argentic  nitrate, 
we  get  the  reaction 

(SA^O-NO^  +  Aq)  +  E^Sb  =  Ag^b  +  (ZEO-NO^  +  Aq),  [352] 

This  reaction,  and  the  well-established  tiivalent  character  of  antimony, 
fix  the  composition  of  antimoniuretted  hydrogen  beyond  all  reasonable 
doubt. 

Compounds  of  antimony  with  the  alcohol  radicals  have  be^n  pr^ 
pared,  both  after  the  type  of  ammonia  and  that  of  the  ammonium 
salts.    Thus  we  haye,  — 

Trimethyl-stibine,  {CH^iJSb 

Trimethyl-stibine  Chloride,  {CH^)^Ol^ 

Trimethyl-stibine  Oxide,  (CH^)zSbO 

Tetmmethyl-stibonium  Iodide,  (CH^JSbl       ^ 

Tetramethyl-stibonium  Hydrate,  (CH^^Sb-O-H 

and  the  corresponding  compounds  of  ethyl  and  amyL  The  reaction  of 
triethyl-stibine  on  hydrochloric  acid  is  interesthig,  as  it  illustrates  the 
serial  relations  among  the  group  of  elements  we  are  studying.  {C^H^^Sb 
does  not  combine  with  HGl^  but  actually  decomposes  the  acid,  yielding 
{C^H^^SbClt  and  H-K  Compounds  of  antimony  corresponding  to 
those  of  the  kakodyl  group  are  not  known. 

364.  Antimony  and  Zinc.  —  There  are  two  very  well  marked 
crystalline  compounds  of  antimony  and  zinc,  Zn^Sb^  and  Zn^Sb^,  which 
give  still  further  evidence  of  the  usual  trivalent  character  of  antimony. 
The  compound  Zn^Sbg,  moreover,  decomposes  water  with  the  evolution 
of  hydrogen  gas. 

365.  Antimony  and  Sulphur  (Cmde  Antimony). — Antimonions 
Sulphide.  Sb^S^.  —  The  gray  sulphide  of  antimony  has  already  been 
noticed  as  a  native  product.  It  is  known  to  mineralogists  as  Antimony 
Glance,  or  Stibnite,  and  is  distinguished  by  its  great  fusibility.  Large 
splinters  of  the  mineral  readily  melt  in  a  candle  flame.  Hence  it  is 
easily  separated  by  fusion  from  the  gangue  with  which  it  is  found 
associated,  and  the  process  is  termed  ''  liquation.*'  Its  crystals  have  a 
bright  metallic  lustre,  and  the  form  of  rhombic  prisms  of  the  fourUi 
system ;  but  a  strong  tendency  to  longitudinal  cleavage  gives  to  them 
a  bladed  appearance. 
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When  antimony  and  solphnry  or  antimonions  oxide  and  sulphur, 
are  melted  together  in  proper  proportions,  a  compound  is  obtained 
similar  to  the  native  sulphide.  Moreover,  a  precipitate  of  the  same 
composition  Mis  when  B^S  is  passed  through  the  solution  of  any 
antimonious  compound.  This  precipitate,  however,  has  a  brick^rtd 
color,  and  is  probably  an  isomeric  modification  of  the  native  gray  com- 
pound. It  is  insoluble  in  dilute  hydrochloric  acid  when  cold,  but 
readily  dissolves  in  the  hot  acid  if  moderately  concentrated.  It  is 
also  soluble  in  solutions  of  alkaline  hydrates. 

Sb,Si+  (SK'0-ff+Aq)  =  {EfSfSb  +  KfO^Sb+3B^O  +  Aq).  [353] 

From  this  solution  it  is  again  precipitated  on  the  addition  of  an  acid. 

(KfS^^Sb  +  KfO^Sb  +  6  HCl  +  Aq)  = 

Sb^S^  +  (6  ZCT  +  3  J7,0  +  Aq).    [354] 

In  like  manner  it  dissolves  in  solutions  of  alkaline  sulpho-hydrates. 

Sb^Sj,  +  (6  K'S-H  +  Aq)  =  (2  K^^S^Sb  +  ^j)  +  3  H^S.     [355] 

Antimonious  sulphide  is  a  strong  sulpho-anhydride,  and  many  of 
its  salts  are  important  minerals.  The  following  are  a  few  examples. 
We  give  the  symbols  in  their  simplest  form,  but  in  the  minerals 
themselves  the  antimony  is  frequently  more  or  less  replaced  by  arsenic^ 
and  the  principal  metallic  radical  by  others  isomorphous  with  it 
These  compounds  are  best  classified  by  referring  them  to  a  series  of 
assumed  sulphur  acids,  related  to  each  other  like  the  successive  anhy- 
drides of  the  oxygen  acids  (§  131),  but  derived  from  the  normal  com- 
pound of  the  series  by  eliminating  successive  molecules  of  H^S,  They 
may  be  distinguished  as  ortho-,  meta-,  and  dimeta-sulphantimonites ; 
but  these  terms  have  no  special  appropriateness  except  so  far  as  they 
imply  a  distinction  analogous  to  that  which  obtains  between  similar 
oxygen  compounds. 

OrthoHmlphantlmonita*. 

Pyrargyrite,  Hexagonal,  Ag^S^Sb 

Stephanite,  Orthorhombic,  AgiSfSb .  Ag^ 

Polybasite  Orthorhombic,  AgfSiSb .  ZAg^S 

Boumonite,  Orthorhombic,  [^Ou^,Pb^S^Sb^ 

Meneghinite,  Monoclinic,  PbfS^Sb^ .  PbS 

Tetrahedrite,  Isometric,  [Cu^^fS^Sb^ .  ZnS 
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Hiazgyriie,  Monoclmic,  Ag-S-SbS 

Zinkenite,  Orthorhombic,  PbFS^'Sb^S^ 

Chalcostibitey  OithorhombiCy  Cte'S^'^Sb^^ 

Berthiorite,  Fff'S^'Sb^^ 

Bnlpho-diantimonitMi. 
Jameflonite  (Feather  Oie),  Orthorhombic,  PbfS^iJS>^ 

Ereieslebenite,  MonodiniCy  3  Ag^^KS^^Sb^S .  4  PbgnS^f^Sb^S 

A  few  points  in  connection  with  the  above  formula  leqniie  further 
explanation.  Of  the  three  dyad  atoms  which  compose  the  basic  radi- 
cal of  the  mineral  Boumonite,  two  are  atoms  of  lead  and  one  a  double 
atom  of  copper.  ^jTow  we  may  either  suppose  that  each  molecule  of 
the  mineral  is  constituted  as  our  symbol  would  indicate,  or  we  may 
regard  it  as  a  molecular  aggregate  of  two  distinct  compounds,  namely, 
[Cu^']r'S^^t  and  Pb^^Sb^,  and  as  containing  for  every  two  mole- 
cules of  the  last  one  molecule  of  the  first.  In  Freieslebenite,  however, 
the  proportions  of  silver  and  lead  are  such  that  the  composition  of  the 
mineral  can  only  be  accurately  expressed  in  the  second  of  the  two 
ways  just  indicated,  and  this  is  the  general  rule  in  the  mineral  king- 
dom. Again,  the  minerals  Stephanite,  Polybasite,  Meneghinite,  and 
Tetiahedrite  may  be  best  regarded  as  molecular  aggregates  of  an  ortho- 
sulphantimonite  and  a  simple  metallic  sulphide,  in  which  the  last 
plays  veiy  much  the  same  part  as  the  water  of  crystallization  in  onr 
ordinary  salts. 

In  all  the  above  cases  the  results  of  analysts  would  indicate  a  great 
constancy  in  the  relative  number  of  heterogeneous  molecules  which 
enter  into  the  composition  of  the  mineral  ,*  but  in  other  cases  no  Hoch 
constancy  is  observed,  and  one  element  is  found  replacing  another  in 
almost  any  proportion.  In  Tetrahedrite,  for  example,  we  frequently 
find  the  copper  more  or  less  replaced  by  silver  or  mercury,  the  an- 
timony in  like  manner  by  arsenic  or  bismuth,  and  the  zinc  by  iron. 
This  we  express  by  writing  the  symbols  of  the  replacing  elementa 
together  within  the  same  brackets.  Thus  [£Cui'],Ag^Hg']  stands  for 
only  one  atom,  but  indicates  that  in  the  mineral  the  copper  is  more  or 
less  replaced  by  silver  and  mercury.  So  also  the  symbol  [Zn,F€] 
represents  only  one  atom,  but  indicates  that  the  zinc  is  to  a  certain 
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extent  leplaiced  b j  iion.  In  its  meet  genesal  fonn  the  qrmbol  of  Tetxar 
I  hedzite  would  be  written,  -^ 


r 


ThiB  symbol  indicates  nothing  in  xegaid  to  the  lelatiTe  proportions  of 
the  elements  enclosed  in  the  same  brackets,  and  in  &ct  this  proportion 
is  variable  in  different  specimens  of  the  same  mineral ;  but  it  does 
show  that,  so  far  as  the  number  of  atoms  is  concerned,  — 

[[C«,]^„i35^]  :  lSb,As,Bt]  :  IZn^Fe]  =  3:2:1. 

It  is,  of  course,  impossible,  according  to  our  present  theories,  that 
each  molecule  should  have  this  complex  constitution;  but  we  may 
suppose  that  in  the  mineral  there  are  certain  molecules  containing  one 
set  of  elements,  and  other  molecules  a  different  set,  the  actual  speci- 
men being  an  aggregate  of  all ;  and,  further,  we  must  suppose  that 
there  are  two  kinds  of  molecular  aggregation,  one  in  which  the 
molecules  are  united  in  more  or  less  definite  proportions,  and  a  second 
where  they  are  merely  mixed  in  any  proportions  which  accident  may 
have  determined. 

366.  Antimonlo  Sulphide.  jS&^i?^.-— YHien  S^S\b  passed  through 
a  solution  of  SbOlg,  an  orange-colored  precijMtate  is  formed,  having 
the  composition  which  our  symbol  indicates.  It  may  be  questioned, 
however,  whether  the  precipitate  is  not  an  intimate  mixture  of  Sb^S^ 
and  t^S,  for  when  treated  with  sulphide  of  carbon  two  fifths  of  the 
sulphur  is  dissolved,  Sb^  being  left ;  and,  moreover,  it  is  decomposed 
by  boiling  hydrochloric  acid  into  SbOl^,  H^S,  and  I^S,  On  the  other 
hand,  it  is  dissolved  in  alkaline  hydrates  and  sulphides,  forming  sulph- 
antimoniates,  and  from  these  solutions  the  same  substance  is  again 
precipitated  on  the  addition  of  an  acid. 

4iS&,5,  +  (24  KOff-^  Aq)  = 

{ZKiO^SbO  +  6  KtS^S>S+  12  H^O  +  Aq).    [356] 

Sb^S^  '¥{ZK^S-\-Aq)-  (2  K^Sj^SbS  +  Aq).  [357] 

{^kfS^SbS^^HCl'^-Aq)  =  S6|5;+  ((^KCl  +  Aq)  +  3 J^S    [358] 

367.  Charaoteilatio  Reaotione.  —  The  formation  of  the  red  sul- 
phide by  the  action  of  H^  is  one  of  the  most  characteristic  indica- 
tions of  the  presence  of  antimony ;  but,  before  this  test  can  be  applied, 
the  antimony  must  be  separated  &om  all  those  elements  which  would 
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obscure  the  reactioiiy  by  the  well-known  methods  of  qualitatiye  anal- 
ysis. The  blowpipe  reactions  of  antimony  are  also  very  chaiacteiistic. 
They  consist  in  the  fonnation  of  a  brittle  metallic  bead,  or  a  coating  of 
volatile  oxide,  on  charcoal,  and  in  the  peculiar  bluish-green  color  which 
this  oxide  imparts  to  the  blowpipe  flame. 

368.  BI8MX7TH.  Bi  =  210. —  Trivalent  and  quinquivalent  One 
of  the  rarer  elements.  Usually  found  native,  sometimes  combined 
with  sulphur,  in  Bismuth  Glance,  Bi^^  and  rarely  with  both  sulphur 
and  tellurium,  in  Tetradymite,  Bt^Te^S.  Metallic  bismuth  is  readily 
extracted  from  the  native  mineral  by  fusion  (liquation).  After  the 
analogy  of  phosphorus  and  arsenic,  we  assign  to  the  elementary  sub- 
stance the  molecular  formula  Bi^ ;  but  since  the  metal  does  not  vola- 
tilize except  at  a  very  high  temperature,  we  have  not  been  able  to 
determine  its  molecular  weight  experimentally.  Bismuth  melts  at 
265^,  and  forms  alloys  which  are  remarkable  for  their  groat  fusibility. 
An  alloy  containing  two  parts  of  bismuth,  one  of  lead,  and  one  of  tin 
melts  at  about  94^,  and  the  addition  of  cadmium  reduces  the  melting 
point  still  lower.  These  alloys  expand  on  hardening,  and  are,  there- 
fore, useful  for  making  casts. 

As  we  descend  in  the  series  ftom  antimony  to  bismuth,  the  metallic 
qualities  become  still  more  marked.  The  Sp.  .Gr,  of  bismuth  equals 
9.83.  Its  lustre  is  brilliant,  with  a  reddish  tinge.  It  is  less  brittle 
than  antimony,  and  is  even  slightly  malleable.  Bismuth  may  readily 
be  crystallized  in  rhombohedrons  isomorphous  with  those  of  anti- 
mony ;  but  it  has  not  yet  been  crystallized  in  forms  of  the  isometric 
system.  Bismuth  is  not  dissolved  by  strong  hydrochloric  acid,  nor 
even  by  sulphuric  acid,  except  when  concentrated  and  boiling.  Nitric 
acid  readily  dissolves  it  with  evolution  of  1^0^,  forming  a  well-ciystal- 
lized  nitrate  (distinction  from  antimony).  The  metal  also  dissolves  in 
aqua-regia,  and  combines  directly  with  chlorine,  bromine,  and  iodine. 

369.  Bismuth  and  the  Aloohol  Radioals. — No  compound  of 
bismuth  and  hydrogen  is  known,  but  bismuth  combines  with  ethyl, 
forming  a  very  unstable  liquid,  which  inflames  spontaneously  in  the 
air,  and  explodes  at  150^.  It  has  the  composition  (C^H^)iBif  and 
from  it  may  be  obtained  the  compound  {G^^^Bil^  in  yellow  six- 
sided  crystalline  plates.  This  is  the  iodide  of  a  bivalent  radical,  which 
forms  also  definite  but  very  unstable  compounds  with  chlorine  and 
oxygen,  and  is  capable  of  replacing  the  hydrogen  of  nitric  or  sulphuric 
add. 
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370.  Blflmath  and  ChUurlne.  —  Only  one  compound  of  bismath 
and  chlorine  is  known,  BiOl^,  and  this  may  be  obtained  either  by 
passing  chlorine  over  the  metal,  by  distilling  the  metal  with  conosiye 
sublimate,  or  by  distilling  the  residue  obtained  when  a  solution  of  the 
metal  ip  aqua  regia  is  evaporated  to  dryness.  The  product  in  either 
case  is  a  very  fusible  and  volatile  solid,  resembling  the  corresponding 
compound  of  antimony.  It  dissolves  in  hydrochloric  acid,  but  is 
decomposed  by  water  into  hydrochloric  acid  and  insoluble  ozichloride 
of  bismuth,  BiOGL  The  same  ozichloride  is  precipitated  when  a 
solution  of  bismuthous  nitrate  is  poured  into  a  solution  of  common 
salt.  It  IB  a  brilliant  white  powder,  known  under  the  name  of  Pearl 
White,  and  much  used  as  a  cosmetic  It  is  insoluble  in  tartaric  acid, 
ammonic  sulphide,  or  solution  of  potash,  and  is  thus  distinguished 
from  oxichloride  of  antimony  precipitated  under  similar  conditions. 
Bismuthous  chloride  combines  with  hydrochloric  acid  and  the  alkaline 
chlorides  to  form  double  salts,  and,  like  SbCl^,  may  be  mixed  with 
concentrated  solutions  of  these  compounds  without  undergoing  decom- 
positioiL 

The  compounds  of  bismuth  with  bromine,  iodine,  and  fluorine  are 
£%Br^,  BH,  and  BiF^. 

371.  Bismuth  and  Oxygen. — Metallic  bismuth  does  not  tamiBh 
in  the  air,  but  at  a  red  heat  the  melted  metal  slowly  oxidizes^  and 
before  the  compound  blowpipe  it  bums  briUiantly.  The  product  of 
the  oxidation  is  Bismuthous  Oxide,  Bi^O^.  The  same  compound  is 
obtained  by  subjecting  the  nitrate  to  a  low  red  heat.  It  is  a  pale  yellow 
powder,  which  melts  at  a  full  red  heat  to  a  dark  yellow  liquid.  It  is 
insoluble  in  water,  and  will  not  directly  combine  with  it;  but  by 
pouring  a  solution  of  bismuthous  nitrate  in  dilute  nitric  acid  into 
dilute  aqua  ammonia,  or  into  a  solution  of  potassic  hydrate,  a  white 
hydmte  of  the  metal  is  precipitated.  This  hydrate,  when  dried,  has 
the  composition  OBvO-ff;  but  there  are  reasons  for  believing  that 
the  precipitate  faUs  of  the  composition  BwO^B'^.  By  a  gentle  heat, 
or  by  boiling  with  caustic  alkalies,  all  the  water  is  expelled,  and  Bi^O^ 
is  left.  Bismuthous  oxide  is  a  decided  basic  anhydride.  It  is  dis- 
solved by  hydrochloric,  nitric,  and  sulphuric  acids,  forming  definite 
salts.  Nevertheless,  by  fusing  the  oxide  with  sodic  carbonate,  an  un- 
stable compound  is  obtained,  in  which  the  metal  is  the  negative  radical 
(HarOBiO). 

By  passing  chlorine  through  a  solution  of  JT-O-J^  holding  Bi^O^  in 
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BQspenrion,  a  isd  4epo6it  is  obtainedy  iwldA  i»  a  Biiziiim  of  .bismutihie 
acid,  H-O-BiO^y  and  bismuthic  anhydxide^  JBi^Og. 

2H-0-£%0^  +  {'iECl+B^0'^Aq).     [359] 

The  two  piodacts  may  be  separated  by  means  of  cold  nitric  acid, 
which  dissolyes  only  the  anhydride.  Bismnthic  acid  dissolves  in  a 
solution  of  potassic  hydrate,  giving  a  blood-red  solution ;  but  the.  salt 
obtained  on  evaporation  is  very  unstable,  and  is  decomposed  by  mere 
washing.  The  other  compounds  of  the  acid  are  little  known.  At  a 
temperature  of  130^  the  redHX)lored  acid  is  resolved  into  water  and  the 
brown  anhydride. 

Bismnthic  anhydride,  when  gently  heated,  changes  into  an  inter- 
mediate oxide,  Bi^O^,  or  rather  into  a  mixture  of  this  oxide  and 
Bi^O^.  If  heated  in  a  current  of  hydrogen,  it  is  at  once  completely 
reduced  to  the  lower  degree  of  oxidation.  When  heated  with  sul- 
phuric or  nitric  acid  it  evolves  oxygen,  producing  bismuthous  sulphate 
or  nitrate ;  and  when  heated  with  hydrochloric  acid  it  evolves  chlorine, 
yielding  bismuthous  chloride. 

372.  Biamnthous  Nitrate,  BisO^NO^^ .  5  H^O,  ia  the  most  im- 
portant of  the  salts  of  bismuth.  It  forms  large  deliquescent  crystals. 
It  readily  dissolves  in  water  strongly  acidified  with  nitric  acid,  but 
when  mixed  with  a  large  volume  of  water  it  is  decomposed,  and  a 
white  basic  salt  of  somewhat  variable  composition,  formerly  called  the 
Magi^ry  of  Bismuth,  is  precipitated.  The  first  precipitate  appears 
to  consist  mainly  of  the  compound  B%^O^NO^\H^ ;  but  this  is  more 
or  less  decomposed  by  the  subsequent  washings.  The  product  is  now 
generally  known  as  the  Subnitrate  of  Bismuth,  and  is  used  medi- 
cinally. 

373.  Biamnthona  Bnlphata. — When  bismuthous  oxide  dissolves 
in  sulphuric  acid,  the  normal  sulphate  Bi^0^80^\  is  undoubtedly 
formed ;  but  when  the  solution  is  evaporated,  this  salt  loses  the  larger 
part  of  its  acid,  and  the  yellow  product  obtained,  when  the  residue  is 
gently  heated,  has,  approximately  at  least,  the  composition  (BiO^'O^'^SO^ ; 
although,  being  easily  decomposed  by  heat,  it  is  difficult  to  obtain  the 
compound  in  a  pure  condition.  The  formula  of  the  basic  nitrate  may 
also  be  written  OBi-O-NO^ .  H^Oj  and  the  formation  of  salts  of  this 
type  is  characteristic  of  the  class  of  elements  we  are  studying. 

374.  Bismuth  and  Sulphur. — The  native  compound  of  bismuth 
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ftnd  salphoT  alieady  mentioned,  Bi^^  is  iBomorphons  vith  Antxmonj 
Glance^  S^S^t  which  it  oloeely  reaemMes.  The  same  compound  may 
he  obtained  by  fosing  biamath  with  sulphur  in  proper  proportions, 
and  also  by  passing  H^S  through  the  solution  of  a  bismuth  salt  The 
precipitated  sulphide  is  black,  and  is  not  dissolyed  by  alkaline  hydrates 
or  Bulpho-hydrates.  It  is  also  insolahle  in  all  the  mineral  adds  when 
dilute.  It  dissolves^  however,  in  common  nitric  acid  when  hot  But 
if  the  resulting  solution  is  mixed  with  water,  most  of  the  bismuth  is 
again  precipitated  as  basic  nitrate.  When  heated  in  the  air,  ^t,^  is 
oxidized,  and  yields  SO^  and  Bi^O^y  which  melt  to  dark  yellow  glob- 
ules. Bismuthous  sulphide  is  a  sulpho-anhydride,  and  the  following 
minerals  may  be  regarded  as  snlpho-bismuthites  :  — 

EobeUite,  Orthorhombict  Pb^^%,Sb 

Needle  Or^  «  ([Cu;\,Pb;)lSfBH 

Wittichenite,  «  [Cii;]^S^%^ 

Emplectite  "  [C«,>/^-j5»^ 

875.  Charaotexlstlo  Reaotiona.  —  The  decomposition  of  the  solu- 
ble salts  of  bismuth  by  water,  with  the  formation  of  an  insoluble  basic 
ealt,  is  the  most  characteristic  reaction  of  this  metaL  The  salts  of 
bismfuth  are  easily  reduced  on  charcoal  before  the  blowpipe,  and  yield 
a  metallic  bead,  surrounded  by  a  yellow  coating  of  oxide. 

QUESnONB  AND  PBOBLEMB. 

mtrogen. 

1.  In  order  to  determine  the  composition  of  the  air,  863.7  "STm*  of  air 

measured  under  a  pressure  of  66.76  c  m.,  and  at  6°.6,  were  mixed  in  a 

eudiometer  tube  with  a  quantity  of  pure  hydrogen.     After  addition  of 

hydrogen  the  volume  measured  1006.7  iHi:*,  under  a  pressure  of  69.11  a  m. 

The  mixture  was  next  exploded  by  an  electric  spark,  and  after  the  explosion 

the  residual  gas  measured  800.7  JTm:*,  nnder  a  pressure  of  49.14  c  m.,  and 

at  6**.6.    Required  the  composition  of  air  by  volume  in  100  parte. 

Solution.    By  [11]  it  will  be  found  that  the  three  volumes  given  above 

would  have  measured,  under  the  normal  conditions,  respectively 

621.90,  897.38,  and  607.3a     The  absorption  due  to  the  com- 

bnstion  of  the  hydrogen  is  then  897.3  —  607.3  s  390  ^m?    Of 

tbie  i,  or  130  rST.',  was  oxygen.    Hence  621.80  rs?  of  air  con- 

'      tabled  130  ^T^*  of  oxygen  and  491.2  iTm,^  of  nitrogen,  or  100 

parts  contained  20.92  oxygen  and  79.08  nitrogen. 
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30.  When  Bodinm  ift  heated  in  *  confined  quantity  of  NO^  the  Tolnme  of 
the  gaa  is  ledaeed  to  one  half,  and  the  leddne  is  found  to  be  poie  nitrogen. 
AjBBuming  that  the  Sp.  Gr.  is  known,  show  that  this  fact  proves  that  the 
83rmbol  we  have  asaigned  to  the  compound  most  be  correct 

31.  Analyze  reaction  \VVf\  and  show  in  what  it  differs  from  [264]. 

32.  What  weight  and  what  Yolome  of  N^O  can  be  obtained  from  240 
granunes  of  amnionic  nitrate  1  Ana.  132  grammes,  or  66.9  litres. 

33.  One  litre  of  NO  will  yield  by  [278]  what  volume  of  JV,0  ? 

Ans.^  litre. 

34.  Analyze  reaction  [279],  and  represent  the  two  stages  by  separate 
equations. 

35.  What  evidence  is  given  that  N^O  is  less  stable  than  NO  ? 

36.  When  sodium  is  heated  in  N^O  no  change  of  volume  results,  and  the 
residue  is  pure  nitrogen.  The  Sp.  Or.  of  N^O  is  22.  Deduce  from  these 
fEurts  the  symbol  of  the  compound. 

37.  What  volume  of  gas  would  a  litre  of  N^O  yield  when  decomposed  by 
heat?  Ans.  1^  litres. 

38.  What  is  the  quantiyalenoe  of  nitrogen  in  N^O,  and  what  in  NO  ? 

39.  What  are  the  relations  of  the  oxychlorides  of  nitrogen  to  the  oxides  ? 

40.  What  strong  reason  may  be  adduced  for  doubling  the  symbols  of  two 
of  the  oxides  of  nitrogen  ?  What  argument  can  you  urge  in  favor  of  the 
symbols  adopted  in  this  book  ? 

41.  What  is  the  specific  gravity  of  ammonia  gas  referred  to  air,  and  what 
referred  to  hydrogen  ?  Ans.  0.591,  and  8.5. 

42.  What  would  be  the  volume  of  3.0464  grammes  of  ammonia  gas  at 
273^.2  and  38  cm.]  Ans.  16 litres. 

43.  What  weight  of  ammonia  would  be  obtamed  from  one  litre  of  NO  by 
reaction  [290]  ?  Ans.  0.7614  gramme. 

44.  Ammonia  gas  may  also  be  formed  by  the  action  of  metallic  zinc 
(when  in  contact  with  platinum  or  iron)  on  a  mixture  of  a  nitrate  with  a 
solution  of  potash.    Write  the  reaction  [291]. 

45.  In  order  to  determine  the  amount  of  nitric  acid  present  in  a  specimen 
«f  cmde  soda  nitre,  one  gramme  was  treated  as  in  the  last  reaction.  The 
ammonia  evolved  was  conducted  into  a  solution  of  hydrochloric  acid,  and 


§  375.]  QUESTIONS  AMD  PROBLEMS.  481 

•ubseqnentlj  predpitatod  with  pktiiiio  chloride.    This  precipitate  weighed 
2.1017  grammes.    What  was  the  per  cent  of  pure  soda  nitre )    Ans.  80.5%. 

46.  In  Older  to  obtain  10  litres  of  ammonia  gas,  how  many  grammes  of 
sal  ammoniac  most  be  taken  ?  Ans.  23.96  grammes, 

47.  What  voktme  of  nitrogen  wonld  be  founed  by  burning  one  litre  of 
ammonia  1   Write  the  reaction.  Ans.  ^  litre. 

48.  When  an  organic  substance  is  heated  with  soda  lime  (a  mixture  of 
caustic  soda  and  Hme),  all  the  nitzegen  present  is  evolyed  as  ammonia^  which 
may  be  collected  in  hydrochloric  acid  and  combined  with  platinic  chloride 
as  above.  In  a  given  determination  the  weight  of  the  precipitate  thus  ob- 
tained was  2.219  grammes.  What  was  the  weight  of  nitrogen  in  the  com- 
pound? Ans.  0.140  gramme. 

49.  Deduce  from  the  results  of  the  eudiometric  experiments  described  in 
§  317  the  symbol  of  ammonia  gas.  Must  we  know  the  specific  gravity  in 
order  to  fix  the  formula  definitely  ? 

60.  Show  that  the  result  of  the  ezpeodment  with  chlorine  g(»  confirms 
the  formtda  just  deduced. 

51.  The  amides  may  be  derived  from  the  corresponding  adds  through 
what  replacement  ? 

52.  Explain  the  meaning  of  the  tenns  hatic  and  akoholiey  as  epplied  to 
the  atoms  of  hydrogen. 

53.  The  nitriles  (§  321)  may  be  regarded  as  cyanides  of  what  radicals  ? 

54.  Why  should  yon  antidpate  that  the  imide  compounds  would  have  an 
add,  and  the  nitrile  compounds  a  basic  character  ? 

55.  Write  the  reactions  which  take  place  when  acetic,  benzoic,  lactic,  and 
oxalic  adds  combine  with  ammonia. 

56.  Write  the  reactions  corresponding  to  [304  and  305],  using  the  Bodi1^n 
instead  of  the  ammonium  salts. 

57.  What  proof  do  you  have  that  ammonium  is  a  univalent  radical  7  ' 

58.  What  per  cent  of  NH^  does  the  platinum  salt  contain  1    ■ 

59.  When  aqua  ammonia  is  added  to  a  solution  of  ferric  cbl6tide,(Fe^Cl^ 
feme  hydrate,  {Fe^Ho^  is  predpitated.    Write  the  reaction. 

60.  Write  two  reaetionB  in  whidi  aqua  ammonia  acts  like  a  solution  of 
caustic  soda,  and  two  others  in  which  it  does  not 
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61.  Write  the  xeaction  which  takes  plioe  when  a  miztoie  of  aminaaue 
chloride  with  ealdc  carbonate  is  anblimed. 

02.  Write  the  reaction  by  which  the  anblimed  oazbonafte  when  exposed 
to  the  air  changes  to  the  acid  carbonate. 


03.  When  a  solution  of  amnionic  chloride  is  boOed  with  a  eolation  of  cana- 
tie  soda,  ammonia  gas  is  eyoWed.    Write  the  reaction. 

64.  Write  the  symbols  of  the  compounds  formed  by  the  union  of  the 
amines  described  in  §  318,  both  with  hydrochloric  acid  and  with  water. 

66.  Write  the  symbol  of  the  ammonium  base  which  contains  the  xadiealB 
phenyl  Cfi^  amyl,  C^H^^  ethyl^  ^s^n  *i^d  methyl,  CH^ 

66.  Show  what  different  compounds  may  be  fonned  by  the  dehydratioii 
of  the  acetate,  lactate,  and  oxalate  of  anmionia. 

67.  How  much  heat  would  be  deyeloped  by  the  explosion  of  one  gramme 
of  chloride  of  nitrogen,  and  to  what  moving  power  does  this  correspond  t 

68.  What  inference  should  you  draw  from  the  heat  of  formation  of  nitzo* 
gen  chloride  in  regard  to  the  force  which  unites  the  atoms  in  the  molecule 
of  nitrogen  gas  f 

69.  Compare  the  heat  of  formation  of  Nfi  and  NO^  and  consider  how  far 
this  explains  the  relative  stability  of  the  two  oxides,  and  the  reactions  of 
which  they  are  susceptible. 

70.  Does  the  reaction  [277]  conform  to  the  principle  of  maxim  nm  work 
({  70,  proposition  second)  t 

71.  How  much  heat  is  evolved  in  the  reaction  SSIQ,  +  31(31  =  NH^a  t 

Phosphoma. 

72.  The  Sp.  Gr.  of  phosphorus  vapor  has  been  observed  to  be  63.8,  and 
according  to  DeviUe  no  material  change  is  effected  by  a  temperature  of 
1,040^.  Moreover,  the  specific  gravities  of  the  vapors  of  the  following  com- 
pounds have  been  determined,  and  also  the  per  cent  of  phosphorus  which 
they  contain* 

Sp.  Or.  F*r««t«f 


Phosphuretted  Hydrogen,  17.1  91.18 

Phosphorous  Chloride,  68.4  22.ft5 

Phosphoric  Oxychloride,  76.6  20.19 

Given  these  results  of  observation,  show  how  the  atomic  weight  of  ph 
phorus  and  the  molecular  constitntion  of  the  elementazy  substimce  tobj  be 
determined. 


§375.]  QUESTIONS  AND  PBOBLEMS.  483 

73b  The  atomic  weight  of  phosphoruB  now  leceiyed  was  found  by  bom- 
ing  a  known  weight  of  red  phoephoros  in  perfectly  dry  air,  and  weighing 
the  phosphoric  anhydride  thus  formed.  Assuming  that  one  gramme  of 
phosphorus  yields  2.2903  grammes  of  phosphoric  anhydride,  what  must  be 
the  atomic  weight  of  phosphorus !  How  fax  does  this  experiment  modify 
the  conclusicm  reached  in  the  last  problem  ? 

74.  How  much  phosphorus  can  be  obtained  from  9.3  kilo,  of  pure  calcic 
phosphate  by  [309]  f  Ana.  1.24  kilo. 

75.  Can  you  discover  any  connection  between  the  difference  of  specific 
heat  of  the  two  varietieB  of  phosphorus,  and  the  difference  of  calorific  power  t 
Does  the  first  difference  wholly  explain  the  lastt 

76.  Show  that  the  different  varieties  of  phosphoric  acid  may  be  derived 
from  the  assumed  pentatomic  acid  by  successive  dehydration,  and  make  a 
table  which  shall  exhibit  the  different  possible  derivatives  of  this  compound, 
and  assign  names  which  will  indicate  their  derivation. 

77.  Taking  common  phosphoric  add  as  the  starting  point,  in  place  of  the 
assumed  pentatomic  acid,  show  how  the  different  varieties  of  phosphoric  acid 
may  be  deduced. . 

78.  What  is  the  basicity  of  phosphorous  and  hypophosphorous  acids  ?  and 
what  is  the  quantivalence  of  phosphorus  in  these  compounds  f 

79.  When  either  phosphorous  or  hypophosphorous  add  is  heated,  it  breaks 
up  into  common  phosphoric  acid  and  PH^    Write  the  reaction  in  each  case. 

80.  Compare  together  the  nitrates  and  phosphates  of  the  univalent  and 
bivalent  metallic  radicals. 

81.  Write  the  reaction  of  a  solution  of  argentic  nitrate  on  a  solution  of 
common  sodic  phosphate,  and  show  why,  after  predpitation,  the  solution 
must  be  add. 

82.  Write  the  reaction  which  takes  place  when  common  sodic  phosphate 
is  heated  to  redness. 

83.  Write  the  reaction  of  a  solution  of  aigentic  nitrate  on  a  solution  of 
■odic  pyrophosphate.  If  the  first  salt  is  used  in  excess,  why  must  the  solu- 
tion after  the  predpitation  be  neutral  I 

84.  Pyrophosphoric  add  may  be  prepared  by  first  adding  plumbic  acetate 
to  a  solution  of  sodic  pyrophosphate,  when  plumbic  p3nropho6phate  is  precip- 
itated, and  then  decomposing  this  precipitate  suspended  in  water  with  H^S, 
The  solution  thus  obtained  evaporated  in  vacuo  gives  crystals  of  the  com- 
pound. Write  the  reactions.  Why  may  not  the  solution  be  evaporated  by 
heat  in  tlie  usual  way  ? 
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66.  Write  the  xeactioii  which  takes  place  when  PH^  bunis. 

86.  Write  the  symbols  of  trimethyl-phosphine ;  tetiamethyl-phoepho- 
niam  hydrate ;  trimethyl-amyl-phosphoniom  iodide. 

87.  Write  the  symbols  of  the  platintim  and  gold  salts  of  tetra-ethyl-phoe- 
phoniam.     (§  295.) 

88.  Write  the  symbols  of  triethyl-phosphine  oxide  and  triethyl-phoephine 
iodide.    How  does  the  last  differ  from  triethyl-phosphonium  iodide  1 

89.  Explain  the  use  of  PCl^  as  a  reagent,  and  give  illustrations  of  its  pe- 
culiar action. 

90.  Can  you  devise  a  method  by  which  the  reaction  [313]  may  be  applied 
in  the  preparation  of  phosphorous  acid  1 

91.  Does  the  reaction  [316]  throw  any  light  on  the  eonstitation  of  phos- 
phoric acid  ? 

92.  What  diffiarent  degrees  of  qnantivalenoe  does  x^MMphoma  manifest  in 
the  compoimds  described  alxyve  ?    Point  out  the  examples  ol  each  conditum. 

93.  Make  a  summary  of  the  resemblances  and  differences  between  the 
compounds  of  nitrogen  and  those  of  phosphorus. 

Azsenlo. 

94.  Represent  by  graphic  symbols  the  constitution  of  Mispickd,  and  show 
how  it  is  possible  that  the  double  atom  of  sulphur  should  replace  the  double 
atom  of  arsenic. 

95.  What  should  be  theoretically  the  iq»ecific  gnvity  of  arsenic  vapor  re- 
ferred to  ail  ?  Ana.  10.4. 

96.  Compare  together  the  formulie  of  nitrous  and  arsenious  adds,  and 
point  otit  their  relations  to  each  other.  Is  phosphorous  add  aUied  to  the 
other  two  ? 

97.  Write  the  reactions  by  which  cupric  and  argentic  arsenites  are  formed. 

98.  Write  the  symbols  of  the  three  hydrates  of  arsenic  acid,  and  give  their 
names,  following  the  analogy  of  phosphoric  acid. 

99.  If  the  arseniates  [320]  are  heated  until  all  the  water  is  expelled,  what 
will  be  the  symbols  of  the  compounds  left? 

100.  Write  the  reaction  of  azgentie  nitrate  on  a  solution  of  either  of  the 
compounds.    [320]. 
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101.  Write  the  teBciion  of  a  eolation  of  magneaic  sulphate  and  ammonia 
on  a  solution .  of  either  of  the  compounds.    [320.] 

102.  State  the  diffeienoes  between  phosphoric  and. aisemc  acids.  .     . 

103.  Write  the  reaction  which  takes  place  when  H^As  bums,  both  with 
a  sufficient  and  with  k  limited  supply  of  oxygen. 

104.  How  may  the  reactions  described  in  (§  348)  be  used  to  detect  the  pres- 
ence of  arsenic  in  a  suspected  liq^uid  f 

105.  How  could  you  discover  the  presence  of  the  arsenic  acid  formed  by 
reaction  [323]  ? 

106.  State  the  resemblances  and  differences  between  the  amines,  the 
phosphines,  and  the  arsines. 

107.  Is  the  quantiyalence  of  arsenic  the  same  in  all  the  compounds  of 
kakodylt 

106.  In  what  respects  does  kakodyl  resemble,  and  in  what  does  it  differ 
firom,  the  corresponding  compound  of  phosphorus  ? 

109.  Does  the  relation  of  arsenic  to  chlorine  differ  materially  from  the 
relation  of  phosphorus  to  the  same  element  1 

1 10.  Write  the  reaction  of  E^S  on  a  solution  of  As^O^  in  dilute  hydro- 
chloric acid. 

111.  Analyze  the  reactions  [325-328],  and  give  the  names  of  the  pro- 
ducts which  are  formed. 

112.  What  would  be  the  chemical  names  of  the  minerals  Proustite  and 
Enargite,  and  what  are  the  corresponding  oxygen  compounds  ?  Define  the 
class  of  compounds  to  which  these  minerals  belong. 


Anttmony. 

113.  Why  is  the  molecular  weight  of  antimony  doubtful  ? 

114  Theoretically,  what  weight  of  metallic  antimony  should  be  obtained 
from  1,020  kilo,  of  Antimony  Qlance  7  Ans.  732  kilo. 

115.  The  most  common  impurities  of  commercial  antimony  are  arsenic, 
iron,  copper,  and  lead.  Why  should  the  process  described  in  §  357  tend  to 
remove  these  substances  ? 

110.  Write  the  reaction  when  antimony  bums. 
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160.  Compare  the  compounds  of  the  aleohol  nulicak  with  the  difeent 
members  of  the  nitrogen  series  of  elements,  and  present  the  subject  in  a 
written  form* 

161.  Write  the  different  reactions  by  which  BiCI^  may  be  formed. 

162.  Writie  the  reaction  of  water  on  BiCl^,  and  the  reaction  when  a  solu- 
tion of  blBmuthous  nitrate  Ib  poured  into  a  solution  of  common  salt 

163.  Why  does  the  presence  of  a  large  amount  of  H^NCl  prevent  a 
solution  of  BiCl^  from  becoming  turbid  when  mixed  with  water  ? 

164.  Compare  BiCl^  with  the  corresponding  chlorides  of  the  same  series. 
What  inference  do  you  draw  from  the  fact  that  the  compound  Bid^  has  not 
been  obtained?  Have  any  other  facts  been  mentioaed  pointing  to  the 
same  conclusion?  What  is  the  evidence  that  bismuth  is  ever  quinqui- 
valent? 

166.  Write  the  reaction  when  bismuth  bums,  or  ib  more  slowly  oxidized* 

166.  Write  the  reaction  when  bismuthous  nitrate  is  heated  to  a  ^oir  red 
heat    Why  in  this  process  is  it  important  to  avoid  a  higher  temperature  ? 

167.  Write  the  reaction  when  a  solution  of  bismuthous  nitrate  (in  dilute 
nitric  acid)  is  poured  into  a  solution  of  potassic  hydrate. 

168.  Write  the  reactions  when  bismuthous  oxide  dissolves  in  hydrochlo- 
ric, nitric,  or  sulphuric  acid. 

169.  Compare  the  oxides  and  hydrates  of  the  elements  of  the  nitrogen 
series,  and,  by  tabulating  their  symbols,  show  that  their  molecular  consti- 
tution is  analogous.  Trace,  also,  the  variation  in  their  properties  as  you 
descend  in  the  series. 

160.  Write  the  reaction  of  water  on  bismuthous  nitrate,  assuming  that 
the  basic  salt  whose  symbol  Ib  given  above,  together  with  free  nitric  acid, 
are  the  resulting  products. 

161.  If  Bi^S^  and  Sb^S^  are  precipitated  together,  how  may  the  two  be 
separated  ? 

162.  Write  the  reaction  when  Bi^S^  is  roasted  in  a  current  of  air. 

163.  To  which  of  the  three  classes  of  salts,  distinguished  in  §  366,  must 
the  several  sulpho-bismuthites  be  referred  ? 

I  .  ■ 

164.  Compare  the  sulpho-salts  of  bismuth,  antimony,  and  axsenicy  and 
point  out  their  mutual  relations. 
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DIVISION  xxm. 

376.  VANADIUM.  F=  51.3.  -^  TriYnlent  and  quinquiyalent 
A  very  me  element,  discorered  in  1830  in  the  iron  ozes  of  Tabexg  in 
Sweden.  It  has  since  been  found  associated  with  the  iron  and  oia- 
ninm  ores  of  other  localities,  and  more  recently  it  has  been  found  in 
considerable  quantities  in  certain  remarkable  metalliferous  sandstone 
beds  occurring  in  the  county  of  Cheshire  in  England.  Vanadium  is 
also  the  essential  constituent  of  a  few  very  rare  minerals.  Of  these 
the  most  important  is  Vanadinite,  which  is  a  vanadate  of  lead,  and  so 
closely  resembles  the  native  phosphate  and  arseniate  of  the  same  metal 
as  to  leave  no  doubt  that  aU  three  have  a  similar  molecular  constitu- 
tion, and  hence  that  vanadium  is  a  perissad  element,  like  phosphorus 
and  arsenic  Thus  we  have  the  following  minerals,  which  are  all 
ieomorphous  with  each  other:  — 

Apatite,  {Oa^F)i^Oj^{PO)t 

Pyromorphite,  (P6,  Ol)ix  0^\x(PO\ 

Mimetine,  {Phfif)^  0^{A$  0), 

Vanadinite,  (P6^(7/)uO,ix(rO), 

The  study  of  the  other  compounds  of  vanadium  leads  to  the  same 
conclusion,  and  shows  that  the  same  character  already  noticed  in 
bismuth  and  antimony  is  developed  in  this  element  to  a  still  higher 
degree.  The  group  of  atoms  70  acts  as  a  powerful  univalent  or 
trivalent  radical,  and  combines  with  chlorine  or  replaces  hydrogen 
like  an  elementary  atom,  and  almost  all  of  the  compounds  of  the 
element  formerly  known,  and  which  can  be  directly  prepared  from 
the  native  vanadates,  contain  this  important  radical,  now  called  Vana- 
dyl; in  fact,  the  radical  substance  (FO),,  now  recognized  as  an  oxide 
of  vanadium,  was  for  a  long  time  mistaken  for  the  element  itself.  We 
have,  for  example,  {VO)Cl^,  a  yellow  fuming  volatile  liquid  boiling  at 
126^7  with  Sp.  Gr.  =  1.84  and  Sp.  Or.  =  88.2 ;  also  {VO)Cl^  in 
brilliant  green  tabular  crystals ;  next,  ( VO)Cl,  a  light  brown  powder ; 
and  lastly,  (70)^01,  a  brownish  yellow  powder  resembling  mosaic 
gold.  The  true  chlorides  of  vanadium  can  only  be  prepared  from  the 
metal  or  its  nitride,  and  the  air  must  be  carefully  excluded  during  the 
process.    The  following  have  been  recently  described  by  Koscoe :  VCl^, 
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a  bright  apple  green  solid  in  hexagonal  platee,  with  a  micaoeoua  lostre ; 
VClt,  in  brilliant  tabular  crystalB,  with  color  of  peach-bloesoms ;  and 
VCl^,  a  dark  reddish-brown  yolatile  liquid,  boiling  at  154°,  with  /S^.  Gr. 
at  0°  =  1 .858  and  Sp.  Gr.  =  93.3.  There  are  also  compounds  which  maj 
be  regarded  as  containing  the  quadrivalent  radical  divaijadyl,  F^O,. 

The  oxides  of  vanadinm  are:  —  First,  V^O,  a  brown  crust  formed 
by  the  prolonged  exposure  of  metallic  vanadium  to  the  air.  Secondly, 
V%Oi  or  VO-VOf  obtained  as  a  gray  metallic  powder  when  the  vapor 
of  VOClt  mixed  with  hydrogen  is  passed  over  red-hot  carbon.  It  dis- 
solves in  dilute  acids  with  the  evolution  of  hydrogen,  and  cannot  be 
deprived  of  its  oxygen  except  with  the  greatest  difficulty.  Thirdly, 
Fs^si  obtained  as  a  black  powder  when  V^O^\b  reduced  by  hydrogen 
at  a  red  heat.  It  is  insoluble  in  acids.  Fourthly,  F^O^,  obtained  in 
the  form  of  blue  shining  crystals  by  allowing  F^Os  to  absorb  oxygen 
from  the  air.  Fifthly,  F^O^ ,  vanadic  anhydride,  a  brownish  red  crya- 
talline  solid,  fusible  at  a  red  heat,  and  sparingly  soluble  in  water.  The 
solution  has  a  yeUow  color,  and  is  strongly  acid ;  but  no  definite  hydrate 
has  been  described.  Yanadic  anhydride  dissolves  in  concentrated  sul- 
phuric acid  when  boiling,  giving  a  dark  red  solution.  If  this  is  diluted 
with  fifty  times  its  volume  of  water,  and  heated  with  metallic  zinc,  it 
rapidly  changes  color,  passing  through  all  shades  of  blue  and  green  until 
it  attains  a  permanent  lavender  tint  To  each  of  these  shades  corre- 
sponds a  certain  degree  of  oxidation  of  the  dissolved  vanadium ;  thus, 
bright  blue  to  r,0^,  green  to  r,0„  and  lavender  to  r,0,;  and  by 
using  less  active  reducing  agents  the  change  may  be  arrested  at  any 
desired  point  The  lavender  solution  absorbs  oxygen  with  such  avidity 
as  ''  to  bleach  indigo  and  other  vegetable  coloring  matters  as  quickly 
as  chlorine,  and  far  more  powerfully  than  any  other  known  agent" 

From  vanadic  anhydride  we  derive  the  vanadates,  of  which  there 
appear  to  be  five  classes,  coiresponding  to  the  phosphates. 

1.  Metavanadates,  as  in  NH^-O- TO,,  er  PhO^i  TO^. 

DMhcnItt. 

2.  Py  rovanadates,  as  in  Na3  0^  F,  0, ,  or  Phf  OM  T,  OJ, . 

3.  Orthovanadates,  as  in  Na^O^VO.  UH^O,  or  Oa£^Oc^VO)t. 

4.  Tetravanadates,  as  in  (Nff^^fOfV^O^  .iB^O. 

5.  Hexvanadates,*  as  in  (NH^-O- V^O^.^ H^O. 

*  TheM  names  are  those  adopted  by  Booooe^  to  whom  wo  owe  most  of  oar  knowl- 
ei^  of  the  vanadiam  oomponnds. 
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Of  these  salts  the  metavanadatee  aie  the  most  and  the  orthoyana- 
dates  the  least  stable,  the  leveise  of  what  is  trae  in  the  case  of  the 
phosphates. 

There  are  two  nitrides  of  yanadimny  VN  and  VN^,  The  first  is 
a  black  powder  obtained  by  acting  on  (  VO)Cl^  with  dry  NH^,  Its 
composition  has  been  determined  by  analysis,  and  it  is  interesting,  not 
only  as  fixing  the  atomic  weight  of  the  metal,  but  also  as  the  starting 
point  from  which  the  true  chlorides  of  yanadium,  and  the  metal  itself 
haye  been  reached. 

Metallic  yanadium  has  been  obtained  by  reducing  VClt  with  hydro- 
gen. It  is  a  light  whitish-gray  powder,  which  under  the  microscope 
appears  as  a  brilliant  crystalline  metallic  mass  with  a  silyer-white 
lustre.  This  metallic  powder  has  a  Sp,  Gr,  =  5.5,  and  is  not  mag- 
netic. It  does  not  yolatilize  or  fuse  when  heated  to  redness  in  an 
atmosphere  of  hydrogen.  It  does  not  tarnish  in  the  air,  or  decompose 
water  at  the  ordinary  temperatures ;  but  when  thrown  into  a  fiame,  it 
bums  with  brilliant  scintillations.  It  does  not  dissolve  in  hydro- 
chloric acid  hot  or  cold,  and  only  slowly  in  hot  sulphuric  acid,  but 
nitric  acid  of  all  strengths  attacks  it  with  violence.  It  is  not  acted 
upon  by  solutions  of  the  caustic  alkalies ;  but  when  fused  with  sodic 
hydrate,  hydrogen  gas  is  eyolyed,  and  a  vanadate  formed.  It  unites 
directly  with  chlorine  gas  to  form  FC?^,  and  with  nitrogen  gas  to 
form  VNy  and  it  is  capable  of  absorbing  as  much  as  1.3  per  cent  of 
hydrogen  gas.  It  attacks  all  glass  and  porcelain  in  which  it  is  heated, 
a  compound  of  silicon  and  the  metal  being  formed.  It  yields  also  an 
alloy  with  platinum,  and  for  these  reasons,  as  well  as  on  accouut  of  its 
yeiy  great  avidity  (when  heated)  for  both  oxygen  and  nitrogen,  it  has 
been  one  of  the  most  difficult  of  all  the  elements  to  isolate.  The  pent- 
oxide  is  now  an  article  of  manufacture^  and  is  used  in  the  preparation 
of  aniline  black. 
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Divisioir  XXIV. 

377.  URAHimc  U^  120.  —  One  of  the  larer  eletnentB.  Alwayi 
found  in  nature  oombined  with  oxygen,  chiefly  in  Pitchblendei  which 
is  essentially  the  compound  U^O^,  and  in  a  lave  mineral  called  Uranite. 
Of  the  last  there  are  two  varieties :  the  first  is  a  phosphate  of  uranium 
and  calcium,  and  the  second  a  phosphate  of  uranium  and  copper. 

Ca,{UO)^O^PO)^,%JB^O,    and     Ou,{UO)fO^{PO)^,Sff^O. 

In  many  of  its  chemical  characteristics,  uranium  very  closely  resem- 
bles vanadiuuL  Like  the  last  element,  it  forms  an  oxide,  UO,  which 
acts  as  a  univalent  radical,  replacing  hydrogen  and  combining  directly 
with  chlorine;  and  all  the  most  important  stable  and  characteristic 
compounds  of  uranium  may  be  regarded  as  compounds  of  this  radicaL 
Moreover,  UiO^,  like  f^Os,  cannot  be  decomposed  by  the  ordinary 
reducing  agents,  and  was  formerly  mistaken  for  the  metal  itself. 
XJranyl  acts  both  as  a  basic  and  as  an  acid  radical.  Of  the  uranyl 
compounds,  the  most  important,  besides  the  native  phosphates  al- 
ready mentioned,  are  Uranyl  Chloride,  (UO)Cl:  Uranyl  Fluoride, 
( UO)F;  Uranyl  Hydrate,  {U0yChff{8i  yellow  powder) ;  Uranyl  Ni- 
trate, {UOy  O-NO^ .3H2O  {dk  beautiful  yellow  salt,  crystallizing  in  long, 
striated  prisms) ;  and  Uranyl-potassic  Sulphate,  K,(U Oy  OfS O^.U^O] 
and  to  these  may  be  added  a  number  of  remarkable  double  salts, 
which  may  be  formed  by  the  union  both  of  the  chloride  and  the 
fluoride  of  uranyl  with  the  chlorides  or  fluorides  of  the  metals  of  the 
alkalies  or  alkaline  earths.  Indeed,  these  double  salts  are  a  character- 
istic feature  of  uranium,  and  one  which  becomes  still  more  marked  in 
the  next  element,  columbium. 

If  to  a  solution  of  a  uranyl  salt  we  add  ammonia,  or  the  solution  of 
any  other  alkali  or  alkaline  earth,  we  obtain  a  yellow  pi^ecipitate.  This 
is  not,  however,  as  might  have  been  expected,  the  hydrate  of  uranyl, 
but  a  compound  of  the  radical  with  the  alkali,  in  which  uranyl  acts  as 
an  acid  radical.  The  constitution  of  these  compounds  is  not  well  under- 
stood, but  they  are  probably  mixtures  of  uranyl  hydrate  with  a  com- 
pound of  the  form  B'0-{UO).  The  so-called  yellow  uranium  oxide 
of  commerce  is  a  hydrate  thus  prepared,  retaining  about  two  per  cent 
of  ammonia.     All  these  uranyl  compounds  have  a  yellow  color,  and 
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the  yellow  oxide  is  used  to  commnnicate  a  beautiful  and  peculiar 
yellow  to  glass.  Glass  thus  ooloied,  and  the  tnmsparent  uranyl  salts, 
are  to  a  high  degree  fluorescent. 

Judging  from  the  uranyl  compounds  alone,  we  should  conclude  that 
uranium  was  a  perissad  closely  allied  to  vanadium  and  the  nitrogen 
group  of  elements ;  but  there  are  other  compounds  of  uranium  which 
do  not  readily  conform  to  this  theory.  Thus  we  have  a  chloride,  UCl^f 
and  a  series  of  uranouB  salts  (all  having  a  green  color),  in  which  one 
atom  of  the  metal  appears  to  combine  with  two  atoms  of  chlorine,  or 
to  replace  twd  atoms  of  hydrogen;  These  would  seem,  on  the  other 
hand,  to  indicate  that  uranium  was  an  artiad  element  allied  to  iron ; 
and  the  important  fact  that  the  native  oxide,  U^O^^  is  isomorphous 
with  the  magnetic  oxide  of  iron,  sustains  this  view.  Uranium  thus 
appears  to  stand  between  the  nitrogen  group  of  elements  of  the  peris- 
sad family  and  the  iron  group  of  the  artiad  family.  It  belongs  in  a 
tneasure  to  both,  and  its  compounds  may  be  interpreted  according  to 
the  one  or  the  other  plan  of  molecular  grouping.  In  classing  it  with 
nitrogen,  we  merely  follow  what  appear  to  be  its  normal  relations ;  but 
others  may  reasonably  entertain  a  different  view,  and  further  investi- 
gation is  required  to  determine  its  quantivalence.  XJraniutai  thus 
illustrates  very  forcibly  the  remarks  already  made  on  chemical  classifi- 
cation.    (§  119.) 

Of  metallic  uraniam  but  little  is  known.  It  has  been  obtained  by 
decomposing  the  chloride  UClf  with  potassium,  and  appears  to  be  a 
steel-white  metal  {Sp.  Gr.  =  18.4),  which  is  slightly  malleable,  and 
not  readily  oxidized  by  atmospheric  agents.  If  heated,  however,  it 
bums  in  the  air,  and  dissolves  in  dilute  acids  with  the  evolution  of 
hydrogen.  The  compounds  of  uranium  have  found  but  few  applica- 
tions in  the  arts.  The  ^'yellow  oxide '^  is  Used,  as  already  stated, 
for  coloring  glass,  and  the  so-called  black  oxide  (^4^5),  obtained  by 
igniting  the  tiitrate,  is  employed  as  a  black  pigment  in  painting  on 
porcelain.  The  nitrate,  which  is  the  most  common  soluble  salt^  has 
been  thought  to  have  some  valuable  qualities  in  photography. 


QUESTIONS  AND  PROBLEMS. 

1.  State  the  grounds  on  which  the  conclusion  in  regard  to  the  atomicity 
of  vanadium  is  based,  and  represent  by  a  graphic  symbol  the  consUtution  of 
Tanadinite.     * 


494  QUESTIONS  AND  PBOBLElfS.  [§  377. 

2.  How  does  the  Sp.  Qr.  of  the  vapor  of  TBXiadic  ozytrichloride  compare 
with  the  theoretical  value  f 

3.  It  has  been  shown  by  caiefol  analyab  that  the  above  chloride  contains 
61^76  per  cent  of  chlorine.  What  is  the  atomic  weight  of  vanadyl,  and 
what  that  of  vanadium  ?  Ans.  67.29,  and  51.20. 

4.  In  order  to  determine  the  atomic  weight  of  vanadium  from  vanadic 
anhydride,  Roscoe  reduced  Vj)^  by  hydrogen  to  vanadic  oxide,  FjO,.  Four 
experiments  gave  the  following  results :  — 

Wdfht  of  F.ObiMa.  Wdlght  of  F,Ob  obtiiiM& 

1st.  7.7397  grammes.  6.3827  grammes. 

2d.  6.6819        '<  6.4296        << 

3d.  6.1896        '<  4.2819        '' 

4th.  6.0460        "<  4.1614        « 

Deduce  the  atomic  weight  of  vanadium. 

6.  BerzeHus  assigned  to  vanadic  anhydride  the  symbol  FOg,  and  to 
vanadyl  chloride  the  symbol  FCIg.  On  this  hypothesis  he  found  for  the 
atomic  weight  of  vanadium,  by  the  method  of  the  last  problem,  the  value 
137  (when  0  =  16),  which  would  be  reduced  to  134.74  by  the  more  accu- 
rate determinations  of  Eoscoe.  State  the  reaw)ns  for  believing  that  the  true 
atomic  weight  of  the  element  is  61.21,  and  that  the  compounds  have  the 
symbols  assigned  to  them  above.  Show  how  fSor  these  conclusions  have  been 
proved,  and  point  out  the  cause  of  the  former  eiior. 

6.  Make  a  table  showing  that  the  vanadates  may  be  classed  like  the  phoe- 
phates,  or  the  borates.  Is  there  not,  however,  a  special  reason  for  regarding 
Na^O^VO  as  an  ortho vanadate  7  Consider  whether  the  relations  which  are 
so  marked  in  the  case  of  vanadium  do  not  correspond  to  the  fact  that  the 
ortho  form  is  so  generally  wanting  in  the  case  of  the  oxygen  acids. 

7.  State  the  grounds  for  classing  uranium  with  vanadium,  as  well  as  the 
reasons  which  might  be  uiged  for  associating  it  with  iron,  and  write  the 
rational  symbols  of  the  uranium  compoxmdfl  on  the  assumption  that  this 
element  is  an  artiad. 
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378.  COLXTliBIVM  (mobliim).  Ci  =  94.— Qoinqtuyalent  This 
element  forms  the  acid  radical  of  Pyrochlore^  Colnmbite,  Samarskite, 
Euzenite,  .^Eachynite,  Feigosonite,  and  a  few  other  rare  minerals. 
They  are  all  compounds  of  columbic  anhydride,  Cb^O^,  with  various 
metallic  oxides,  —  among  which  those  of  cerium,  yttrium,  and  their 
associated  elements,  are  especially  to  be  distingmshed.  The  colum- 
binm,  however,  is  almost  invariably  replaced  to  a  greater  or  less  extent 
by  tantalum.  Columbite,  the  most  abimdant  of  these  minerals,  has 
the  symbol  [FetJ£nyO^([Cb,Ta]0^^.  It  has  a  black  color,  a  sub- 
metallic  lustre,  and  a  specific  gravity  from  5.4  to  6.5,  increasing  as  the 
proportion  of  tantalum  increases.  When  finely  powdered  it  is  easily 
decomposed  by  fusion  with  potassic  bisnlphate,  and  on  subsequently 
boiling  the  fused  mass  with  water  a  white  insoluble  residue  is  ob- 
tained, which  consists  chiefly  of  Ch^O^y  and  from  this  the  different 
compounds  of  columbium  may  be  prepared.  Of  these  the  most  char- 
acteristic are  the  following. 

379.  Columbic  Anhydride.  Ch^O^.  —  A  white  powder,  which 
becomes  crystalline  when  heated,  and  is  afterwards  insoluble  in  all 
acids.  It  has  a  Sp,  Gr.  between  4.37  and  4.53.  Before  ignition,  and 
when  in  condition  of  hydrate  (columbic  acid  t),  it  dissolves  in  strong 
sulphuric  and  in  hydrofluoric  acid.  After  boiling  with  strong  hydro- 
chloric acid,  in  which  it  is  nearly  insoluble,  the  product  dissolves  in 
water,  and  the  solution  treated  with  anc  turns  blue,  and  finally  de- 
posits a  blueH^olored  oxide.  When  a  large  excess  of  hydrochloric  acid 
is  present,  the  solution  deposits  a  brown  oxide  under  the  same  con- 
ditions; but  the  constitution  of  neither  of  these  compounds  is  as 
yet  known.  It  has  been  stated  that  oxides  having  the  composition 
Ch^Of  and  Ch^O^  have  also  been  obtained.  Columbic tcid  forms  salts 
called  ColumlMttes,  and,  besides  the  native  compounds  mentioned  above, 
we  are  acquainted  with  several  potassic  oolumbates,  three  of  which 
have  been  obtained  in  well-defined  crystals,  but  they  have  a  very  com- 
plex constitution. 

380.  Ck>liimblo  Chloride.  ChCl^.  —  A  yellow  crystalline  solid, 
melting  at  194'',  and  boiling  at  241 "".  It  has  been  found  by  analysis 
to  contain  65.28  per  cent  of  chlorine,  and  the  0)|.  Or*  of  its  vapor, 
by  experiment,  is  9.6. 
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381.  Colmnbio  Oxjohloride.  CbOCl^ — A  white  solid,  cryaital- 
lizing  in  silky  tufts,  which  Tolatilizes  in  the  air  at  400*,  without  pre- 
viously melting.  It  contains,  according  to  analysis,  48.9  per  cent  of 
chlorine,  and  the  Bf.  (9t»  of  its  Yupot  has  been  fonnd  to  be  7.9. 
Moreorer,  it  has  been  recently  proved  that  it  contains  oxygen.  Soth 
chlorides,  when  treated  with  water,  yield  columbic  acid. 

382.  Oolombio  Ozyflnoilde.  ChOF^  —  This  compound  is  prob- 
ably formed  when  columbic  acid  is  dissolved  in  hydrofluoric  acid,  but 
it  has  not  yet  been  isolated  in  a  pure  condition.  The  solution,  how- 
ever, forms  definite  crystalline  salts  with  several  metallic  fluorides,  and 
these  are  among  the  most  important  compounds  of  columbium.  The 
salt  2KF,CbOF^,H^O  \b  very  readily  obtained  in  nacreous  scales, 
and  being  far  more  soluble  than  the  compound  of  tantalum  formed 
under  the  same  conditions,  2KF.  TaF^  it  gives  us  the  only  useful 
means  yet  discovered  of  sepamting  this  element  from  columbium.  A 
salt  has  also  been  formed,  having  the  composition  2KF.  OhF^  and 
isomorphous  with  the  compound  of  tantalum  just  mentioned.  It  is 
interesting  as  pointing  to  a  flu(»ide  of  columbium,  ChFg,  which  is  not 
otherwise  known. 

The  metal  columbium  has  not  with  certainty  been  obtained.  The 
black  powder  described  as  such  by  Rose  is  said  to  be  the  oxide  Cb^O^ 

An  infusion  of  gall-nuts  gives  with  acid  solutions  containing  colum- 
bium a  deep  orange-red  precipitate ;  and  by  this  reaction  columbium 
may  be  distinguished  from  tantalum,  which,  under  the  same  conditions, 
gives  a  bright  brown  precipitate. 

383.  TANTALUM.  Ta s=  182.— This  element,  associated  with 
columbium  in  the  native  oolumbates  named  above,  is  the  chief  constit- 
uent of  Tantalite,  Yttrotantalite,  and  of  a  few  other  minerals  equally 
rare.  Tantalite  is  isomorphous  with  Columbite,  has  the  same  compo- 
sition, save  only  that  the  acid  radical  is  whoUy  tantalum,  and  differs 
chiefly  in  haviftg  a  higher  Sp.  Gr,,  which  varies  from  7  to  8.  Although 
tantalum  is  so  closely  allied  to  columbium,  yet  its  compounds  differ 
from  those  of  this  last  element  in  several  important  respects.  There 
appears  to  be  no  tendency  to  form  oxychlorides  or  oxyfluorides, — at 
least  no  such  compounds  are  known.  The  chloride  is  TaClg,  a  pale 
yellow  solid,  melting  at  211%  boiling  at  242%  and  having  a  vapor 
density  of  12.8.  It  contains  by  analysis  48.75  per  cent  of  chlorine, 
and  is  decomposed  by  water,  yielding  tantalic  acid.  The  fluoride  is,  in 
like  manner,  ToF^.    It  forms  double  salts  with  the  metallic  fluorides. 
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the  most  important  of  which  ifl  the  potassic  fluotantalate,  2KF.  TaF^ 
mentioned  above.  Tantalic  anhydride,  Tafi^  is  a  white  powder,  in- 
soluble in  acids.  It  closely  resembles  columbic  anhydride,  and  is  pre- 
pared in  a  similar  way  from  the  native  tantalates,  but  it  has  a  higher 
density  (Sp*  Gr,  =  7.6  to  8),  and  forms  with  the  alkalies  a  laiger  num- 
ber of  crystallized  salts.  There  is  a  hydiate  (tantalic  acid  1),  and  also 
probably  several  lower  oxides  of  the  element.  A  solution  of  TaCl^  in 
strong  sulphuric  acid,  when  diluted  with  water  and  reduced  with  zinc, 
becomes  colored  blue,  but  yields  no  brown  oxide,  as  in  the  case  of  oo- 
lumbium.  By  reducing  sodio-tantalic  fluoride  with  sodium,  a  black 
powder  is  obtained,  which  has  been  supposed  to  be  metallic  tantalum. 

QUESTIONS  AND  PBOBLEMS. 

1.  Calculate  the  percentage  composition  of  Columbite,  on  the  assumption 
that  the  basic  radical  is  wholly  iron  and  the  add  radical  wholly  columbium. 

Ans.  21.17  FtO  and  78.83  C^JJ^ 

2.  Explain  the  meaning  of  the  symbol  of  Columbite  in  §  378. 

3.  How  far  do  the  theoretical  Ap.  ftr.  of  columbic  chloride  and  oxychlo- 
ride  compare  with  the  experimental  results  % 

4.  The  mean  of  twenty  analyses  of  the  potassio-colombic  oxyfluoride, 
2KF .  CbOF^  .  Hfi,  gave  the  following  results.  From  100  parts  of  the  salt 
there  were  obtained  by  the  process  of  analysis  adopted  5.87  parts  of  water, 
44.36  of  columbic  anhydride,  57.82  of  potassic  sulphate,  and  31.72  of  fluorine. 
Assuming  that  the  symbol  of  columbic  anhydride  is  CbJ)^^  and  estimating 
the  per  cent  of  oxygen  by  the  loss,  deduce  the  percentage  composition  of  the 
compound,  and  its  symbol. 

Ans.  Columbium,  31.12;  Potassium,  25.92;  Oxygen,  5.37;  Fluorine, 
31.72 ;  Water,  5.87. 

5.  What  would  be  the  atomic  weight  of  columbium  if  deduced  from  the 
result  of  the  above  analyses  ?  Ans.  93.9* 

6.  Previous  to  the  recent  investigations  qf  Marignac,  the  symbol  of  colum- 
bic acid  was  usually  written  C&Og  when  0  =  8,  or  CbJJ^  when  0  =  16. 
What  proofs  have  been  given  of  the  correctness  of  the  symbol  adopted  in 
this  book  T  What  was  the  probable  cause  of  the  eiior  made  by  the  earlier 
investigators  ? 

7.  By  what  general  method  may  tantalum  be  separated  from  colnmhium  t 
How  can  you  teU  when  the  separation  is  complete  ? 
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8.  Wliat  componndfl  of  tmtiilmn  and  columlHiim  aie  isomorphons  1  What 
bearing  does  thia  Uci  have  <m  the  i^rmbol  of  taatalic  anhydride  ?  Does  the 
vapor  denflity  of  tantaUc  chloride  agree  with  the  symbol  which  has  been 
adc^ktfid?  Why  is  then  a  neoessaiy  oannection  between  the  symbol  of  the 
chloride  and  that  of  the  anhydride? 

d*  How  may  TantaUte  be  distingoiahed  from  Golnmbite? 

10.  State  the  reeemblanceB  and  the  difTerences  between  the  two  memhexs 
of  this  group  of  dements. 
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S84  THB  PLAmnTV  IffiTAXiB.  —  Prersflmg  qnantiyalenoe 
four.  —  The  six  metak,  BatiieBiiim,  Osmium,  Bhoduun,  Iridium,  Pal- 
ladium, and  Platinum,  are  always  found  in  the  native  state,  although 
more  or  less  alloyed  with  each  other.  **  Platinum  Ore  "  is  found  in  sev- 
eral countries,  but  at  least  nine  tenths  of  the  oommeicial  supply  comes 
from  the  Ural.  It  is  everywhere  obtained  by  washing  alluvial  material, 
generally  in  small  rounded  knetallic  grains,  although  maases  of  consid- 
erable size  are  occasionally  found.  The  following  analyses  by  Deville 
and  Debray  will  give  an  idea  of  its  composition :  — 
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In  this  ore  the  grains  of  **  Native  Platinum,**  which  have  a  steel-gray 
color,  are  always  more  or  less  mixed  with  those  of  a  distinct  mineral 
species  called  "  Iridosmine,"  *  which  have  usually  a  lighter  color,  and 
consiBt  chiefly  of  iridium  and  osmium,  alloyed  with  small  quantities 
of  rhodium  and  ruthenit^m.  Hence  from  the  above  analyses  the 
amounts  of  Iridosmine  (Ir-Os)  and  sand  must  be  subtracted  in  order 
to  obtain  the  composition  of  native  platinum  proper. 

In  the  old  method  of  manufacturing  platinum,  the  ore  is  treated 
with  aqua-regia,  which  dissolves  the  platinum  and  the  metals  directly 
alloyed  with  it,  but  does  not  affect  the  Iridosmine,  the  titaniferous  iron, 
and  other  resisting  minerals,  which  are  frequently  mixed  with  the 
''Native  Platinum."  To  the  solution  thus  obtained,  when  brought 
into  suitable  condition,  ammonic  chloride  is  added,  which  precipitates 
all  the  platinum  [306]  as  ammonio-platinic  chloride.  This  precipitate, 
when  ignited,  leaves  the  metal  in  a  pulverulent  condition  (Platinum 
Sponge),  which  is  welded  into  a  compact  mass  by  heat  and  pressure. 

*  Iridosmine  is  frequently  associated  with  California  gold,  and  is  separated 
from  it  at  the  assay  offices  in  considerable  quantities.  Being  hearier  than  gold, 
it  sinks  to  the  bottom  of  the  crocible  when  tiie  metal  is  fused. 
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destroys  genns  which  sxe  scarcely  afiectad  by  otiier  poisononfl  agenfti; 
When  pulverized  osmium  is  heated  in  perfectly  dry  chlorine  gas,  there 
is  first  fonned  a  blue-black  sublimate  of  0«0^,  and  afterwards  a  red 
sublimate  of  OiCl^.  Osmious  chloride  gives  a  dark  violet-blue  solu- 
tion, while  osmic  chloride  gives  a  yellow  solution ;  and  when  exposed 
to  the  air,  the  first  rapidly  changes  to  the  last  By  the  action  of 
reducing  agents  the  change  may  be  reversed.  All  the  chlorides  of 
osmium  form  double  salts  with  the  alkaline  chlorides.  The  most 
interesting  are  the  compounds  conesponding  to  potassio-platinic  chlo- 
ride, OsCl^ .  2KClf  which  forms  beautiful  red  octahedral  crystal^ 
sparingly  soluble  in  water,  and  [Os^Y/l^,  6K0l»  Qlf^O,  which 
resembles  a  characteristic  Rhodium  compound  mentioned  below. 

387.  RHODIUM  (Bh  =s  104.4)  is  a  very  hard  ^piyish  white  metal, 
barely  fusible  in  an  oxyhydrogen  fiame.  3p.  Gr.  after  fusion  12.L 
It  is  imperfectly  malleable,  but  when  alloyed  with  platinum  may 
be  easily  worked.  The  pure  metal  is  insoluble  in  acids,  but,  when 
alloyed  in  not  too  large  quantity  with  platinum,  copper,  bismuth,  or 
lead,  it  dissolves  with  them  in  aquBrregia.  Although  unalterable  in 
the  air,  rhodium  combines  both  with  oxygen  and  chlorine  at  a  red 
heat.  It  is  readily  oxidized  by  fusion  with  nitre  or  peroxide  of 
barium.  Fused  with  potassic  bisulphate,  it  is  converted  into  soluble 
rhodio-potassic  sulphate,  and  when  heated  with  sodic  or  baric  chlo- 
rides in  a  current  of  chlorine  gas,  it  yields  various  double  salts,  which 
are  likewise  easily  soluble. 

Although  several  oxides  of  rhodium  have  been  distinguished,  the 
only  one  which  as  yet  has  been  well  defined  is  Bk^O^,  Hhodic  Oxide, 
and  this  compound  evidently  marks  the  prevailing  quantivalence  of 
the  element  In  this  condition,  rhodium,  unlike  the  elements  with 
which  it  is  associated,  appears  to  be  a  well-marked  basic  radical,  form- 
ing stable  salts  with  several  of  the  acids.    Thus  we  have 


Rhodic  Hydrate, 
Rhodic  Acetate, 
Rhodic  Nitrate, 


\Rh;\lOf{NO^,.iH^O 


Rhodic  Sulphite,  [iRA,]i  O^SO)^ .  6  iS;  0 

Rhodic  Sulphate,  [Rh^']l  O^SO^)^  .UH^O 

Potassio-rhodic  Sulphate,  •  K^[Bh^O^{SO^^ 

In  like  manner  the  only  well-defined  compound  of  rhodium  and 
chlorine  is  \Rh^l^^  a  brownish  red,  indifferent  body,  insoluble  in  all 
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acids  and  alkalies.  A  solaticm  of  the  chloride  may  be  obtained  by 
dissolving  ^0,  in  hydrochloric  acid,  and  from  this  sevezal  well* 
crystalluBsd  solable  donble  chlorides  may  be  prepared;  as, 

Potassio-rhodic  Chloride,  [^^CTe  .  6  JTCT .  6  J7,0 


*u 


CTg  .  ^NaCl .  UH^O 


Sodio-rhodic  Chloride,  [Rh^ 

They  all  have  a  raby  or  rose  color^  whence  the  metal  takes  ita  name, 
from  ^oSov,  o  row. 

388.  ZRIDZUM  (/r.  =:  192.74)  is  a  very  hard  white  brittle  metal 
Though  even  lees  fusible  than  rhodium,  it  has  been  melted  on  lime 
with  the  oxy hydrogen  flame  and  by  the  voltaic  arc.  Sp.  Gr.  after 
fbuon  21.15.  The  pure  metal  is  not  acted  on  by  any  acid,  but  when 
alloyed  with  platinum  it  dissolves  in  aqusrr^a.     It  may  also  be 

m 

rendered  soluble  by  fusion  witii  alkaline  reagents,  under  the  same 
conditions  as  rhodium.  Unless  in  very  fine  powder,  it  does  not 
oxidize  when  heated  in  the  air.  It  fonns  two  principal  oxides,  Ir^O^ 
and  IrO^y  and  the  corresponding  hydrates  are  readily  obtained.  The 
hydrates  diasolve  in  acids,  but  do  not  form  definite  oxygen  salts  unless 
associated  with  other  basic  radicals.  There  are  also  chlorides  corre- 
sponding to  the  oxides,  which  form  crystalline  double  salts  with  the 
alkaline  chlorides,  closely  resembling  the  similar  compounds  already 
described.    Thus  we  have 

Potassio-iridious  Chloride,  U^^Cl^  •  6  KCl .  6  H^O 

Sodio-iridious  Chloride,  Ur^Ch  .  6  iTaO/  .  24  iT^O 

which  contain  the  radical  [/r  Ji,  and  also 

Potassio-iridic  Chloride,  IrCl^2K0l 

Sodio-iridic  Chloride,  IrCl^ .  2  NaCl .  6  JSJ  0 

which  contain  the  radical  If%  the  last  class  being  less  soluble  than  the 
first  Most  of  the  compounds  of  iridium  have  a  strong  coloring  power, 
those  containing  the  radical  \Ir^  giving  in  general  green,  and  those 
containing  tbe  radical  /n  red  splutions.  The  iridic  compounds  are  the 
most  stable,  but  under  the  actibn  of  reducing  or  oxidiring  agents  one 
condition  of  the  element  readily  passes  into  the  other,  and  the  changes 
of  color  which  then  take  place,  giving  under  different  conditions  beau- 
tiful shades  of  purple,  violet,  and  blue,  are  very  striking  and  charac- 
teristic Hence  the  name  Iridium,  from  tm,  the  rainbow.  Under 
oniain  circumstances  this  el^nent  appears  to  manifest  still  other 
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degrees  of  qnantivalence^  and  componnds  containing  both  If  and  /fl 
have  been  distinguished,  the  last  acting  as  an  acid  radical  in  the 
product  obtained  by  fusing  iridium  with  nitre,  which  gives,  with 
water,  a  deep  blue  solution,  and  is  supposed  to  contain  the  oompoand 
K^O^IrOi ;  but  our  knowledge  on  this  subject  is  still  yerj  imperfect 

389.  PALLADZXTM  {Pd  =  106.6).  Sp.  Gr.  =  11.4.  —  This  brfl- 
liant  white  metal  resembles  platinum  more  closely  than  either  of  its 
associates.  Although  best  known  as  a  subordinate  constituent  of 
platinum  ore,  it  has  also  been  found  (in  Brazil)  native,  in  masses  of 
considerable  size.  It  is  harder  than  platinum,  has  less  tenacity,  and 
is  not  so  ductile ;  nevertheless,  it  can  be  wrought  with  facility.  It 
cannot  be  fused  in  an  ordinary  wind-furnace,  but  before  the  com- 
pound blowpipe  it  melts  more  readily  than  platinum,  and  if  heated 
on  lime  is  slowly  volatilized,  giving  off  a  green  vapor.  Like  the  noble 
metals,  its  oxides  and  chlorides  are  reduced  by  heat  alone.  Yet  when 
exposed  to  the  air  at  a  low  red  heat  its  sur&ce  becomes  covered  with 
an  iridescent  film  of  oxide,  which  is  dispersed,  however,  at  a  higher 
temperature.  Palladium  is  acted  on  by  chemical  agents  more  readily 
than  platinum.  Though  only  slightly  attacked  by  pure  hydrochloric 
or  sulphuric  acids,  it  dissolves  readily  in  nitric  acid,  and  also  in  aqua- 
regia,  or  in  sulphuric  acid  when  mixed  with  a  small  amount  of  nitric 
acid.  It  is  also  rendered  soluble  by  fusion  with  alkaline  reagents, 
under  the  same  conditions  as  the  preceding  metals. 

Palladium  differs  from  the  associated  elements  very  markedly  in 
that  it  affects  most  readily  the  condition  of  a  bivalent  positive  radicaL 
Thus  we  easily  obtain,  by  dissolving  the  metal  in  the  respective  acids, 
the  two  following  crystalline  salts  :  — 

Palladious  Nitrate  (Brown),  FiOf{N0^^ 

Palladious  Sulphate    "  Fd^OfSO^ .  2  H^O 

The  corresponding  hydrate  is  precipitated  by  sodic  carbonate  from 
solutions  of  either  of  these  salts,  as  a  dark  brown  powder.  The  oxide^ 
PdOy  a  black  powder,  is  obtained  by  heating  the  nitrate  to  dull  red- 
ness. The  chloride,  PdCl^  forms  brown  hydrous  crystals,  when  a 
solution  of  the  metal  in  aqua-regia  is  evaporated  to  dryness,  and  by 
uniting  with  other  cldorides  yields  definite  crystalline  salts,  as,  for 
example,  PdCl^.2KCl,  which  is  easily  obtained  in  dull  yellow  pris- 
matic crystals. 
Palladium  also  forms  another  class  of  compounds  in  which  its  atoms 
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are  quadrivalent ;  bat  these  are  all  reiy  unstable.  The  chloride  PdCl^ 
has  never  been  isolated,  but  the  compound  PdCl^ .  2  KCly  which  has 
been  obtained  in  red  octahedral  crystals,  attests  the  relationship  of 
this  element  to  those  with  which  it  is  classed. 

But  of  all  the  characteristics  of  palladium  the  most  noteworthy  is 
the  power  which  the  metal  possesses  of  absorbing  hydrogen  gas.  It 
appears  from  the  recent  experiments  of  Professor  Graham  that,  in  the 
condition  in  which  it  is  deposited  by  electrolysis,  this  metal  will  ab- 
sorb or  "occlude"  nearly  1,000  times  its  volume  of  hydrogen,  which 
amounts  to  about  three  fourths  of  one  per  cent  of  its  weight,  and  in 
other  conditions  of  the  metal  the  power  of  absorption  is  very  great, 
although  not  so  large.  The  same  phenomenon  to  a  less  degree  has 
also  been  observed  with  platinum  and  iron,  and  considerable  amounts 
of  "  occluded  "  hydrogen  have  been  discovered  in  some  of  the  meteors. 
The  gas  thus  taken  up  by  these  metals  is  not  simply  mechanically 
condensed,  as  when  absorbed  by  charcoal,  but  appears  to  be  in  a  state 
of  partial  chemical  combination,  like  that  of  a  solution  or  an  alloy ;  for 
we  find  that,  while  the  hydrogen  is  easily  expelled  by  heat,  it  shows 
no  tendency  to  escape  into  a  vacuum.  The  gas,  however,  readily 
passes  through  a  heated  palladium  or  platinum  plate  by  an  action 
similar  to  dialysis  (§  62),  and  these  metals  seem  to  partake  more  or  lees 
of  a  colloidal  condition.  By  a  similar  action  carbonic  oxide  passes 
through  the  iron  walls  of  furnaces,  and  this  chss  of  phenomena,  when 
further  investigated,  will  undoubtedly  be  found  to  be  quite  general 

When  a  mass  of  palladium,  charged  as  above  described,  is  exposed 
to  the  air,  it  sometimes  becomes  suddenly  heated  from  the  oxidation 
of  the  hydrogen  it  contains,  and  the  well-known  power  of  platinum, 
especially  when  finely  divided,  as  in  the  condition  of  Sponge^  or  the 
so-called  Platinum  Black,  to  determine  the  union  of  hydrogen  and 
oxygen,  and  even  to  ignite  a  hydrogen  jet,  together  with  a  laige  class 
of  similar  efiects,  may  be  explained  on  the  same  principle. 

390.  Hydrogenium.  —  The  quantity  of  hydrogen  **  occluded "  by 
palladium  amounts  to  nearly  one  equivalent  for  each  equivalent  of  the 
metal,  and  produces  a  marked  change  in  its  physical  qualities.  The 
volume  of  the  metal  is  increased,  its  tenacity  and  conducting  power 
for  electricity  diminished,  and  it  acquires  a  slight  susceptibility  to 
magnetism,  which  the  pure  metal  does  not  possess.  From  these  facts 
Professor  Graham  inferred  that  the  metal  charged  with  gas  is  an  alloy 
of  palladium  and  metallic  hydrogen,  which  he  called  Hjfdrogeniium ; 


I 
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and  it  would  appeir  tluit  in  tiut  nmatkable  pvodnct  the  >nticip«tion» 
of  chemitto  in  legud  to  the  mefaillir  condition  of  hydrogen  have  been 
raalixed.  If  thia  inference  ii  correct^  and  il^  aa  is  genenlly  the  case, 
the  Tolome  of  the  alloy  ia  eqoal  to  the  aom  of  the  Tolmnea  of  the  two 
metal%  then  the  J^.  Or.  of  hydiogeninm  (dedooed  from  that  of  the 
alloy)  moat  be  about  2.  The  chemical  qnalitiea  of  this  alloy  are  veiy 
lemaAable.  It  piedpitatea  mercary  fitom  a  eolation  of  ite  chloride^ 
and  in  general  acta  aa  a  strong  ledndng  agent  Ezpoeed  to  the  action 
of  chlorine^  bromine,  or  iodine,  the  hydrogen  leaveB  the  paUadiom  and 
enters  into  direct  union  with  these  elements.  Moreover,  from  a  palla- 
dium wire  charged  with  the  gas,  and  corered  with  calcined  magnesia 
(to  render  the  flame  luminous),  the  hydrogen  bums,  when  lighted  by 
a  lamp,  like  oil  from  a  wick.  So  far,  therefore^  as  its  chemical  actiTi- 
ties  are  concerned,  hydrogenium  beaia  somewhat  the  same  relation  to 
hydrogen  gas  that  ozone  bears  to  ordinary  oxygen.  Palladium  plate 
or  wire  is  most  readily  charged  with  hydrogen  by  making  it  the  n^gar 
tive  pole  of  a  galvanic  battery  in  the  process  of  dectrolyzing  water. 
(Fig.  19.) 

391.  PXiATDnTM.  Ft  =  194.8.  /Sjp.  &r.  =  21.5.— The  extended 
use  of  this  metal  in  practical  chemistry  has  made  its  appearance  fiunil* 
iar  to  every  student  of  the  science.  Platinum  utensils  have  been  of 
inestimable  value  in  chemical  investigations,  on  account  of  the  infusi- 
bility  of  the  metal,  and  its  wonderful  power  of  resisting  chemical 
agents.  It  not  only  does  not  oxidize  when  heated  in  the  air,  bat  none 
of  the  acids  singly  act  upon  it,  and  even  aqua-regia  dissolves  it  but 
slowly.  The  metal  is  corroded  when  heated  to  redness  in  contact 
with  the  caustic  alkalies  or  alkaline  earths,  especially  the  hydrates  of 
lithium  or  barium,  but  the  alkaline  chlorides,  carbonates,  or  sulphates 
may  be  fused  in  platinum  crncibles  without  injuring  them.  Dry 
chlorine  has  no  action  on  the  metal  at  any  temperature,  and  both  the 
oxides  and  the  chlorides  are  reduced  by  heat  alone.  Platinum,  how- 
ever, readily  alloys  with  several  of  the  other  metals,  and  care  must  be 
taken  to  conduct  no  operations  in  platinum  vessels  by  which  a  fusible 
metal  may  be  reduced.  Phosphorus  and  sulphur  also  act  on  platinum 
to  a  limited  extent 

Platinum  is  very  ductile  and  malleable,  and  two  pieces  of  the  metal 
may  be  welded  together  at  a  white  heat,  although  to  melt  it  the  tem- 
perature of  the  oxyhydrogen  flame  is  required.  Melted  platinum  ab- 
sorbs oxygen  from  the  air,  and,  like  silver  (|  161),  spits  if  suddenly 
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cooIecL  Tbe  same  phenomena  has  been  obaerved  with  palladium  and 
diodinm. 

892.  CaUoropUitiiuites. — When  platinnm  is  diasolved  in  aqnar 
regia^  and  the  solution  evapoiated  with  hydrochloric  acid  until  aU 
the  nitric  acid  is  removed,,  farowniah  led  prismatic  cxystals  fonn, 
which .  are  very  deliquescentb  These  crystals  have  the  composition 
HJPtOl^ .  61^0)  and  since  the  H^  in  the  molecule  are  very  readily 
replaced  by  basic  radicals,  the  compound  is  now  usually  called  chloro- 
platinic  acid.  From  this  acid  a  large  number  of  salts  are  readily  pre- 
pared, and  these  are  the  most  important  compounds  of  platinum.  We 
have,  for  example,  — 

Chloroplatinic  Add,  H^Cl^  .%H^0 

Potassic  Chloroplatinate,  KJHCl^ 

Ammonic  Chloroplatinate,  {NH^JPtCl^ 

Sodic  Chloroplatinate,  NaJHCl^  .Zff^O 

Magnesic  Chloroplatinate,  MgPtCl^  ,^H^0 

Baric  Chloroplatinate,  BaPtCl^  AH^O 

The  chloroplatinates  were  formerly  regarded  as  double  salts,  and  the 
potassium  salt,  for  example,  was  called  potassio-platinic  chloride,  or 
the  double  chloride  of  platinum  and  potassium.  The  anhydrous  plati- 
nic chloride  has  never  been  isolated 

These  salts  have  all  a  chamcteristic  yeDow  color  except  in  the  few  cases 
where  the  second  basic  radical,  having  itself  a  strong  coloring  power, 
modifies  the  result  The  barium  and  sodium  salts  crystallize  in  prisms. 
The  magnesium  salt,  and  the  corresponding  compounds  of  cadmium,  rinc, 
coppery  cobalt,  and  manganese,  which  are  isomorphous  with  it,  crys- 
tallize in  rhombohedrons.  The  potassium  and  ammonium  salts  crystalr 
lize  in  regular  octahedrons.  The  hydrous  salts  are  all  soluble  in  water, 
but  the  last  two  are  nearly  insoluble  in  water,  and  wholly  insoluble  in 
alcohol.  They  therefore  can  easily  be  obtained  by  precipitation,  and 
on  this  fact  are  based  several  important  methods  of  quantitative  anal- 
ysis. Moreover,  compounds  of  the  same  genend  type  may  be  formed 
with  almost  all  the  organic  bases  and  vegetable  alkaloids,  and  they 
furnish  one  of  the  simplest  means  of  determining  the  molecular  weight 
of  such  substances  (§  53). 

393.  Chloroplattnltas.  —  If  the  solution  of  platinum  in  aqua-regia 
is  evaporated  over  a  water-bath,  the  brownish  red  residue  dissolves 
either  in  water  or  in  alcohol,  and  from  the  solution  the  compounds 
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12.  Write  ihB  leMtiou  bj  whioh  platbuMU  hydrate  maj  bepnptied. 

Id.  When  pUtinotis  chloride  diflaolvee  in  hydrochloric  acid  in  contact 
with  the  air,  what  is  the  xeaction? 

14.  liake  a  acheme  iUuBtrathig  the  eonatitution  or  nelationa  of  the  more 
important  oompoonds  of  the  platinnm  baaea. 

10.  Eipkin  a  method  of  aepaimting  the  platinnm  metahi  from  each  other. 
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DIVISION  xxvn. 

595.  TITAVIUM.  Ti  =:  50.  —  Quadxiyaleni  No  compoundB 
corresponding  to  a  lower  degree  of  quantivalenoe  are  with  certaLnty 
known.  A  oomparatively  rare  elemeilt»  but  not  unfiequently  associ- 
ated wibh  iron.  The  most  abundant  native  compound  is  Menaccanite^ 
or  Titaniferoos  Iron,  whose  symbol  has  abeady  been  given  among  the 
iron  ore&  This  mineral,  however,  is  in  most  cases  an  isomoiphous 
mixture  of  (TirFe)0^  and  Fe^Op  sometimes  containing  also  magnesium 
and  manganese,  and  thus  arise  the  numeroua  varieties  which  have  been 
distinguished.    The  other  important  compounds  are,  — 

Butile,  Brookite,  and  Octahedrite  (2d  or  4th  system),  7V0^ 

Ferofskite,  (Bhombohedral),  CaO^^TiO 

Sphene,  (Monoclinic),  ( OaO-  T^^Si 

Titanium  is  also  associated  with  columbium,  tantalum,  cerium,  yttrium, 
and  xirconium  in  a  number  of  rare  minerals. 

596.  Metallie  Titanium  has  never  been  obtained  as  a  massive 
metal,  and  its  properties  are  very  imperfectly  known.  As  formed  by 
decomposing  the  potassio-titanic  fluoride  with  potassium  it  is  a  dark« 
green  powder,  showing  under  the  microscope  the  color  and  lustre  of 
iron.  In  this  condition  it  is  very  combustible,  readily  dissolves  in 
hydrochloric  acid,  and  even  decomposes  water  at  the  boiling  point. 

397.  Zitanio  OUoilda,  7\Cl^,  is  obtained  by  passing  chlorine  gas 
through  an  intimate  mixture  of  titanic  oxide  and  carbon  intensely 
heated.  It  is  a  heavy,  colorless  liquid,  boiling  at  135^,  and  yielding 
a  vapor  whose  Sp.  Gr.  s  98.65.  Expoeed  to  the  air  it  absorbs  moist- 
ure, and  gradually  solidifies,  forming  a  crystalline  hydrate  which 
xeadiLy  dissolves  in  water.  From  this  solution,  if  sufficiently  dilute, 
almost  the  whde  of  the  titanium  is  precipitated  as  a  hydrate  on 
boiling,  and  the  same  is  true  of  the  solution  formed  by  dissolving 
the  native  oxides  (after  fusion  with  an  alkaline  carbonate)  in  hydro- 
chloric acid. 

398.  ntanoua  Chloride,  I%(Xp  is  formed  by  passing  a  mixture  of 
Vi(Sl^  and  IB*SI  through  a  red-hot  porcelain  tube.  The  compound  is 
thus  obtained  in  dark  violet  scales,  which  readily  dissolve  in  water 
farming  a  viofet  solution ;  but  in  contact  with  the  air  this  solution  grad- 
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iially  loses  its  color  and  deposits  titanic  hydiate.  The  same  color  is 
produced  by  boiling  with  tin  a  solution  of  titanic  oxide  in  hydrochlo- 
ric acid,  and  this  reaction  is  the  best  test  for  titanium.  The  solution 
of  titanous  chloride  is  a  very  powerful  reducing  agent,  which  indicates 
that  the  radical  [Ti^l  is  not  a  stable  condition  of  the  element 

399.  Titanic  Bromide  and  Iodide,  I^Br^  and  Ttl^  are  fusible 
and  volatile  crystalline  solids. 

400.  Titanic  Fluoride,  J\F^  is  a  fuming,  colorless  liquid,  obtained 
by  distilling  a  mixture  of  fluor-spar  and  titanic  oxide  with  sulphuric 
acid.  This  compound  is  resolved  by  water  into  soluble  hydro-titaiiic 
fluoride  and  insoluble  titanic  oxyfluoride. 

401.  Hydro-titanic  Flaoride,  TiF^  .  2  HF,  is  the  acid  of  a  laige 
class  of  salts  which  are  easily  made  from  the  solution  produced  as  just 
stated.  The  ammonium  and  potassium  salts,  which  are  the  most  im- 
portant, both  crystallize  in  white  anhydrous  scales. 

402.  Titanic  Hydrates.  —  A  large  number  of  these  hydrates  have 
been  distinguished,  and  they  afifect  two  very  different  modiflcations. 
Those  obtained  by  precipitation  with  ammonia  readily  dissolve  in  acids, 
and  when  heated  are  converted  into  the  anhydride  with  vivid  incan- 
descence.    Those  obtained  by  boiling  dilute  solutions  of  the  chloride 

^or  sulphate  are  insoluble  in  all  acids  except  strong  sulphuric.  They 
give  off  water  more  readily  than  the  others,  and  the  dehydration  is  not 
attended  by  the  same  incandescence.  The  composition  of  these  hy- 
drates depends  on  the  temperature  at  which  they  are  dried,  and  they 
may  be  regarded  as  derived  from  the  normal  hydrate  by  the  method 
repeatedly  illustrated  and  expressed  by  the  general  equation 

nTlEo^  —  mff^O  =  (O^Tt^)Hh^^^  [360] 

The  two  modifications  have  been  obtained  in  the  same  degrees  of  hydra- 
tion, and,  so  far  as  known,  they  are  isomeric.  Moreover,  by  dialysis 
a  pure  aqueous  solution  of  titanic  hydrate  has  been  procured,  which 
gelatinizes  when  concentrated,  and  evidently  contains  the  compound  in 
a  colloidal  condition. 

403.  Titanic  Oxide,  TiO^  is  chiefly  interesting  from  the  fact  that 
it  affects  three  different  modifications,  which  are  represented  in  nature 
by  the  minerals  Rutile,  Brookite,  and  Octahedrite.  These  three  iso- 
meric bodies  differ  from  each  other  in  crystalline  form,  in  density,  and 
in  hardness.  Butile,  the  most  abundant,  has  the  greatest  hardness  and 
density.     Its  crystals  are  tetragonal  and  isomorphous  with  ihoae  of 
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SnO^  Biookite,  which  ataiMlB  next  in  haidnees  and  density,  affects 
forms  of  the  orthorhombic  system,  which  are  approximately  isomor- 
phons  with  those  of  MnO^  Lastly,  Octahedrite  is  softer  and  less 
dense  than  either  of  the  othexs,  and  its  crystals,  although  tetragonal, 
differ  essentiaUy  from  those  of  Ratile.  (Problem  2,  page  262.)  The 
same  differences  have  been  observed  in  crystals  obtained  artificially  by 
'  decomposing  7\F^  or  TiCU  ^th  steam,  and  it  is  found  that  the  nature 
of  the  product  depends  on  the  temperature  at  which  the  reaction  takes 
place^  the  hardest  and  most  dense  crystals  being  formed  at  the  highest 
temperature. 

In  its  densest  condition  titanic  oxide  has  a  red  color,  and  is  insoluble 
in  all  acids  ^  but  the  white  anhydride,  obtained  by  igniting  titanic 
hydrate,  is  converted  into  a  sulphate  when  heated  with  strong  sul- 
phuric acid,  and  may  then  be  dissolved  in  water.  The  native  oxides, 
also,  may  be  rendered  soluble  by  fusion  with  alkaline  carbonates  or 
bisulphates.     It  melts  before  the  compound  blowpipe. 

404.  Tltanons  Oxide,  Tifi^  is  obtained  as  a  black  powder  when  a 
stream  of  hydrogen  is  passed  over  ignited  TiO^  It  dissolves  in  sul- 
phuric acid,  forming  a  violet  solution,  from  which  the  alkalies  precip- 
itate a  brown  hydrate.  A  similar  reduction  takes  place,  and  the  same 
violet  color  is  produced,  when  7V0,  is  dissolved  in  fused  borax  or 
microcoemic  salt,  and  the  bead  heated  before  the  blowpipe  on  charcoal 
in  contact  with  a  small  globule  of  tin. 

405.  Titanic  Sulphide,  TiS^  is  formed  in  large  brass-yellow  lus- 
trous scales  when  a  mixture  of  SI^  and  WSi^  is  passed  through  a 
glass  tube  heated  to  incipient  redness.  It  is  decomposed  by  water, 
and  cannot,  therefore,  be  obtained  by  precipitation. 

406.  Nitrides.  —  Titanium  has  a  marked  affinity  for  nitrogen,  and 
combines  with  it  in  several  proportions.  When  dry  ammonia  gas  is 
passed  over  TiCl^  it  is  rapidly  absorbed,  with  great  elevation  of 
temperature,  and  the  resulting  brown-red  powder  has  the  symbol 
{HynN^T%)/iOl^  This  compound,  heated  in  a  stream  of  ammonia  gas, 
yields  a  copper-colored  substance,  which  is  the  nitride  Ti^N^  and  this, 
when  further  heated  in  a  current  of  hydrogen,  is  converted  into  a  sec- 
ond nitride  {TiJ^^Vj  having  a  golden-yellow  color  and  metallic  lustre. 
A  third  violet-colored  nitride  has  the  symbol  TiN^  Lastly,  the  very 
hard  oopper-colored  cubic  crystals  sometimes  found  adhering  to  the 
dags  of  iron-lumaces,  and  formerly  mistaken  for  metallic  titanium, 
bave  the  composition  expressed  by  the  symbol  Ti^ON^. 
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407.  TIN.  Sn  s=  118. — Bivalent  and  quadrivalent  The  last  is 
the  most  stable  condition.  The  only  valuable  ore  of  tin  is  the  oxide 
SnO^f  called  in  mineralogy  Cassiterite  or  Tin  Stone,  and  this  is  found 
at  but  few  localities,  chiefly  in  Cornwall,  Malacca,  Bolivia,  Australia, 
Bohemia,  and  Saxony.  This  element  is  also  an  essential  constituent  of 
Tin  Pyrites  [ZnyFe],[Ou^S^Sfi,  and  is  associated  with  columbium, 
titanium,  zirconium,  etc.  in  a  few  rare  minerals,  but  its  range  in  nature, 
so  far  as  known,  is  very  limited. 

The  metal  is  obtained  by  reducing  the  native  oxide  with  coal ;  but 
although  in  theory  so  simple,  this  process  is  in  practice  quite  compli- 
cated. The  ore  requires,  previous  to  smelting,  a  prolonged  mechanical 
treatment,  and  in  the  furnace  a  large  amount  of  metal  passes  into  the 
slags,  which  therefore  have  to  be  worked  over. 

408.  Metallic  Tin  has  a  familiar  white  color  and  bright  lustre. 
It  has  a  crystalline  structure,  and  the  breaking  of  the  crystals  against 
each  other,  when  a  bar  of  the  metal  is  bent,  produces  the  peculiar 
sound  known  as  the  cr$^  of  tin.  By  slowly  cooling  the  fused  metal 
distinct  crystals  can  be  obtained,  which  belong  to  the  tetragonal  sys- 
tem. The  tenacity  of  tin  is  feeble,  but  it  can  readUy  be  rolled  and 
beaten  into  thin  leaves,  which  are  well  known  under  the  name  of  Tin- 
foil Sp.  Gr.  =  7.3.  Melts  at  222"".  Boils  at  a  white  heat.  Infe- 
rior conductor  of  heat  or  electricity. 

Tin  does  not  tarnish  in  a  moist  atmosphere  which  is  free  from  sul- 
phur, but  when  melted  in  the  air  it  slowly  oxidizes,  and  at  a  red  heat 
decomposes  steam.  {lydrochloric  acid  dissolves  the  metal  rapidly,  the 
products  being  stannous  chloride  and  hydrogen  gas.  It  also  dissolves 
slowly  when  boiled  with  dilute  sulphuric  acid,  yielding  stannous  sul- 
phate  and  liberating  hydrogen  as  before.  When  the  sulphuric  acid  is 
concentrated,  SO^  is  evolved  and  stannous  sulphate  formed  only  so 
long  as  the  tin  is  in  excess.  K  the  acid  is  in  excess,  sulphur  separates, 
and  the  product  is  stannic  sulphate.  Very  strong  nitric  acid  does  not 
act  on  the  metal,  but  when  somewhat  diluted  it  converts  the  tin  into  a 
white  hydrate,  insoluble  in  an  excess  of  the  acid.  Aqua-regia,  if  not 
too  concentrated,  dissolves  tin  as  stannic  chloride,  and  the  alkaline 
hydrates  and  nitrates  also  act  upon  it  at  a  high  temperature. 

Tin  unites  directly  with  most  of  the  non-metallic  elements,  and 
forms  alloys  with  many  of  the  metals.  The  alloys  with  copper  have 
already  been  mentioned.  Pewter  and  plumber's  solder  are  alloys  of 
tin  and  lead ;  Britannia  metal  is  an  alloy  of  brass,  tin,  lead,  and  bis- 
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mntb ;  and  the  silvering  of  mirrozs,  an  amalgam  of  tin  and  mercury. 
On  account  of  its  beautiful  lustre  and  power  of  resisting  atmospheric 
agents,  tin  is  much  used  for  coating  other  metals.  The  common  tin- 
ware is  made  of  sheet-iron  thus  protected. 

409.  Btannona  Chloride.  SnCl^  —  The  anhydrous  compound 
(Butter  of  Tin)  obtained  by  heating  mercuric  chloride  with  an  excess 
of  tin,  or  by  heating  the  metal  in  hydrochloric  acid  gas,  is  a  fusible 
white  solid  with  a  fatty  lustre,  soluble  in  water  and  alcohol  The 
hydrous  salt  (tin  salts),  formed  by  crystallizing  the  solution  of  tin 
in  hydrochloric  acid,  has  the  symbol  SnCl^ .  2  J^O.  The  pure  crystals 
dissolve  perfectly  in  a  small  amount  of  water,  free  from  air,  but  a  laige 
amount  of  water  produces  a  partial  decomposition. 

{2SnCl^+3E^O  +  Aq)  =  Sn^OCl^.  2 Hfi  +  {2 ff CI  +  Af).  [361] 
So,  also,  when  the  solution  is  exposed  to  the  air. 

(6  SnCl^  •^4B^0  +  Aq)  +  (&<D  = 

2  (Sn,OCl, .  2  H,0)  +  (2  SnCl^  -f  Aq),    [362] 

The  ozychloride,  which  is  milk-white  and  insoluble  (even  in  dilute 
adds),  renders  the  solution  in  both  cases  turbid.  Free  hydrochloric 
add,  tartaric  acid,  and  sal  ammoniac  prevent  the  decomposition.  Owing 
to  the  unsatisfied  affinities  of  the  tin  radical,  stannous  chloride  is  a 
powerful  reducing  agent  (§  260),  and  is  much  used  for  this  purpose 
both  in  the  laboratory  and  the  dye-house.  It  also  acts  as  a  mordant. 
Lastly,  it  forms  salts  with  several  of  the  metallic  chlorides. 

Potassio-stannous  Chloride,  SnCl^.2 KCl .  ( 1 ,  2, or  3)  Efi 

Bario-etannous  Chloride,  SnCl^ .  BaC\  .iH^O 

410.  Stannic  Chloride,  SnOl^,  may  be  made  either  by  distilling 
a  mixture  of  tin  and  mercuric  chloride,  the  last  bdng  in  excess,  or  by 
heating  tin  in  chlorine  gas.  It  is  a  colorless,  fuming  liquid,  boiling 
at  115^,  and  yielding  a  vapor  whose  Sp.  Gr.  =  132.7.  The  liquid, 
exposed  to  the  air,  eagerly  absorbs  moisture,  and  changes  into  a  crys- 
talline solid.  When  mixed  with  water,  intense  heat  is  evolved,  and 
a  solution  formed  which  yields  on  evaporation  rhombohedral  crystals 
of  SnCi^ .  5  S^O.  These  crystals,  dried  in  vacuo,  lose  3H^0,  and 
there  is  reason  to  believe  that  the  remaining  2  J9^0  are  a  part  of  the 
molecule  of  the  salt.     If  we  r^ard  the  atoms  of  chlorine  as  trivalent, 

•we  can  easily  see  that  such  an  atomic  group  would  be  possible,  for  we 


\ 
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might  then  have  the  uniTaleiit  radical  (JBFOl'Ct)  ss  Bel  replacing  Bo, 
and  the  symbol  of  the  dried  salt  would  be  written  SfoBo^^Bcl^ .  The 
aame  principle  may  be  applied  in  other  cases  where  the  violence  of 
the  action  indicates  that  a  chemical  union  has  taken  place  between  an 
anhydrous  chloride  and  water.  Such  bodies,  however,  may  also  be 
regarded  as  chlorhydrines  (§  280),  to  which  molecules  of  BCl  are 
united  in  place  of  water  of  crystallixation.  Thus  the  symbol  of 
the  hydrous  chloride  we  have  been  diacussing  might  be  written 
Sma^yHo^.  2 BCL 

Although  stannic  chloride  forms  a  clear  solution  with  a  small 
amount  of  water,  copious  dilution  determines  the  precipitation  of 
the  greater  part  of  the  tin  as  an  insoluble  stannic  hydrate.  Heat 
favors  this  decomposition,  and,  on  the  other  hand^  the  presence  of  a 
large  excess  of  hydrochloric  acid  prevents  it.  Stannic  chloride  unites 
with  a  considerable  number  of  bodies  both  organic  and  inorganic,  and 
forms  double  salts  with  several  of  the  metallic  chlorides.  Ammonio* 
stannic  chloride,  SnCl^ .  2NB^Cl  (Pink  Salts  of  the  dyers),  is  iso- 
morphous  with  the  corresponding  compound  of  platuium.  An  impure 
solution  of  Sn(X^f  made  by  dissolving  tin  in  aqua-regia,  is  also  ex- 
tensively used  in  dyeing  for  brightening  and  fixing  certain  red  colors. 

There  are  two  bromides  and  iodides  of  tin  corresponding  to  the 
chlorides.  There  is  also  a  stannous  fluoride,  and,  although  stannic 
fluoride  has  not  been  isolated,  a  large  number  of  double  stannic  fluor- 
ides  or  fluostannates  are  known,  which  are  isomorphous  with  the 
corresponding  compounds  of  titanium  and  silicon. 

411.  Hydrates.  —  Staimoiui  Hydrate,  the  precipitate  which 
falls  on  adding  an  alkaline  carbonate  to  a  solution  of  stannous  chlo- 
ride, is  said  to  have  the  composition  Bo^'{Sn2^0).  It  is  soluble  in 
both  alkalies  and  acids.  Boiled  with  water  or  a  weak  solution  of 
potash  it  is  rendered  anhydrous ;  but  if  boiled  with  a  concentrated 
solution  of  this  alkali,  it  yields  potassic  stannate  and  metallic  tin. 
The  moist  hydrate  absorbs  oxygen  from  the  air,  and  acts,  like  the 
chloride,  as  a  reducing  agent.  The  only  important  oxygen  salt  cor- 
responding to  this  hydrate  is  stannous  sulphate. 

Stannic  Hydrate,  like  titanic  hydrate,  affects  both  a  soluble  and 
an  insoluble  modification.  The  hydrate  precipitated  when  ammonia 
is  added  to  a  solution  of  stannic  chloride  dissolves  readily  both  in 
acids  and  alkalies,  while  that  obtained  by  boiling  the  same  solution 
greatly  diluted,  or  by  acting  on  tin  with  nitric  acid,  is  insoluble  in 
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acid%  and  dissolves  less  readily  than  the  first  in  alkalies..  The  com- 
position of  these  bodies  varies  vith  the  temperature  at  which  they  are 
dried,  and  they  are  usually  distinguished  as  stannic  and  metastannie 
hydrates.  Like  the  corresponding  compounda  of  titanium,  they  may 
be  regarded  as  derived  from  a  normal  hydrate  of  either  class  by  the 
elimination  of  successive  molecules  of  water.  The  salts  obtained  by 
dissolving  stannic  hydrate  in  oxygen  adds  are  unimportant  The 
sulphate  is  the  most  stable,  but  this  is  completely  decomposed,  and 
the  tin  precipitated  as  metastannie  hydrate,  when  the  aqueous 
solution  is  diluted  and  boiled.  The  compounds  in  which  the  atom 
Sum  acts  as  an  add  radical  axe  much  more  stable.  The  alkaline 
stannates  crystallize  readily,  and  both  potassic  and  sodic  stannates, 
{K  or  Na)^OfSnO  .  4  J9^0,  are  commercial  products  much  used  as 
mordants.  Their  efficacy  depends  on  the  fact  that  ammonic  chloride 
and  all  acids,  even  the  C0%  of  the  atmosphere,  decompose  these  salts 
when,  in  solution,  and  the  stannic  hydrate  thus  predpitated  in  the 
fibre  of  the  doth  binds  the  coloring  matter. 

The  compounds  obtained  by  dissolving  metastannie  hydrate  in 
alkaline  solvents  cannot  be  crystallized,  but  are  precipitated  on  adding 
to  the  solution  caustic  potash.  The  potasmum  salt  thus  obtained, 
dried  at  126%  has  the  composition  KfO^Sn^O^ .  A^  H^O,  It  was 
formerly  supposed  that  the  peculiar  qualities  of  the  metastannie 
hydrates  and  the  metastannates  were  due  to  the  atomic  grouping 
here  represented,  but  this  opinion  has  not  been  sustained  by  recent 
investigations.  The  water  represented  as  water  of  crystallization 
cannot  be  removed  without  decomposing  the  salt»  and  is  evidently 
water  of  constitution ;  so  that  we  have  good  reason  for  writing  the 
symbol  H^K^Oy^^{Sn^O^^  after  the  type  of  the  normal  stannates,  and 
we  may  regard  it  as  an  example  of  the  soluble  colloidal  hydrates,  to 
which  we  have  before  referred  (§  268).  This  view  harmonizes  with 
the  facts,  that,  on  boiling  an  aqueous  solution  of  this  compound^  meta- 
stannie hydiate  is  precipitated,  and  that  by  dialysia  a  solution  of  both 
metastannie  and  stannic  hydrates  in  pure  water  may  be  obtained. 
The  two  classes  of  compounds  are  probably  isomeric,  but  differ  in  the 
degree  of  molecular  condensation. 

412.  Oxidaa.  —  Stannous  oxide,  StiO,  may  be  obtained  in  various 
ways,  and  its  color  differs  according  to  the  mode  of  preparation.  It 
has  a  strong  affinity  for  oxygen,  and,  if  set  on  fire  when  diy,  bums  to 
stannic  oxide. 
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Stannic  oxide  has  been  ciystallized  artifieianj,  not  only  in  the 
forms  of  Tin  Stone  isomoipbons  with  Butile,  but  also  in  forms  iso- 
morphoos  with  Brookite.  As  obtained  by  igniting  the  hydrate,  or 
by  burning  metallic  tin,  it  is  an  amorphous  white  powder.  It  offers 
even  greater  resistance  to  the  action  of  chemical  agents  than  TiO^*  It 
is  not  attacked  by  acids,  even  when  concentrated.  It  is  not  dissolyed 
by  fusion  with  alkaline  carbonates,  but  is  rendered  soluble  by  fusion 
with  caustic  alkalies.  It  is  also  taken  up  when  fused  with  acid 
potassic  sulphate,  but  separates  completely  when  the  fused  mass  is 
dissolved  in  water.  Moreover,  like  titanic  oxide,  it  is  very  hard  and 
infusible,  but^  unlike  that,  it  is  reduced  to  the  metallic  state  when 
ignited  in  a  stream  of  hydrogen  gas. 

Besides  SnO  and  SnO^  an  intermediate  oxide,  Sn^O^,  has  been 
distinguished,  but  it  does  not  form  definite  salts.  Dissolved  in  hydro- 
chloric acid  it  gives  with  auric  chloride  the  beautiful  purple  precipitate 
known  as  Purple  of  Cassius  (§  295). 

413.  Sulphides.  —  The  dark-brown  precipitate  which  fiftlls  when 
H^S  is  passed  through  an  acid  solution  of  a  stannous  salt  is  jS^,  and 
the  dull  yellow  precipitate  which  forms  under  the  same  circumstances 
in  a  solution  of  a  stannic  salt  is  a  hydrate  of  SnSf,  The  last  of  these 
dissolves  readily  in  solutions  of  alkaline  sulphides,  and  forms  with 
them  definite  salts.  It  is  also  soluble  in  the  fixed  alkaline  hydrates^ 
and  in  either  case  is  precipitated  unchanged  when  the  alkali  is  neutral- 
ized with  an  acid.  Stannout  sulphide,  on  the  other  hand,  does  not 
form  salts  with  the  alkaline  sulphides,  and  does  not  dissolve  in  solu- 
tions of  these  compounds,  unless,  like  the  common  yellow  ammonic 
sulphide,  they  contain  an  excess  of  sulphur,  when  it  is  converted  into 
SnS^y  and  as  such  is  precipitated  on  neutralizing  the  alkalL  It  does, 
however,  dissolve  in  the  fixed  alkaline  hydrates ;  but  when  an  excess 
of  acid  is  added  to  the  solution,  a  yellow  precipitate  of  StiS^  falls,  con- 
taining only  one  half  of  the  tin  present. 

The  beautiful  yellow  flaky  material  known  as  mosaic  gold,  and  used 
in  painting  to  imitate  bronze,  consists  of  anhydrous  stannic  sulphide, 
and  is  obtained  by  subliming  a  mixture  of  tin,  sulphur,  sal  ammoniac, 
and  mercury.     There  is  also  a  sesquisulphide,  SofS^. 

414.  Compounds  ^Mith  the  Alcohol  Radicals.  —  These  compounds 
are  very  numerous  and  highly  important  theoretically,  because  they 
establish  beyond  all  doubt  the  atomic  relations  of  tin.  Compounds 
have  been  obtained  containing  methyl,  ethyl,  and  amyl,  either  singly 
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or  associated  together.  Three  compounds  are  known  containing  only 
tin  and  ethyL    Putting  {C%H^  =  Et^  we  have 

All  three  are  colorless  oOy  liquids.  The  last  is  the  most  stable,  boil- 
ing at  181°,  and  yielding  a  vapor  whose  Sp.  Gr.  =s  116.  The  others 
cannot  be  volatilized  without  decomposition^  and  unite  directly  with 
oxygen,  chlorine,  bromine,  and  iodine.  The  first,  especially,  like 
other  stannous  compounds,  acts  as  a  reducing  agent,  absorbing  oxygen 
from  the  air,  and  precipitating  silver  from  a  solution  of  the  nitrate. 
This  is  the  only  stannous  compound  known  among  this  class  of 
bodies.  In  aU  the  others  the  tin  atoms  exert  their  maximum  atom- 
fixing  power,  and  they  may  be  regarded  either  as  compounds  of  the 
radicals  (SnEt^'  or  (StiEt^,  or  else  as  formed  from  stannic  ethide  by 
replacing  either  one  or  more  of  the  atoms  of  ethyl  by  other  radicals* 
The  following  are  a  few  examples :  — 

Stanno-diethylic  Bromide,  {SnEt^Br^ 

Stanno-diethylic  Oxide,  (SnEi^O 

Stanno-diethylic  Acetate,  (SnEt^  0^'(G^H^  0\ 

StannoKiiethyUc  Sulphate,  {SnEt^jrOt'SO^ 

Stanno-triethylio  Chloride,  (SnEt^Ol 

Stanno-triethylic  Hydrate,  {SnEt^-Off 

Stanno-triethyUo  Oxide,  (SnEt^)fO 

Stanno-triethylic  Carbonate,  (SnEt^^-O^CO 

The  methyl  and  amyl  compounds  are  formed  after  the  same  analogy, 
and  also  others  which  contain  both  methyl  and  ethyL  These  com- 
pounds are  either  liquids  or  ciystaUine  solids.  The  chlorides,  bro- 
mides, and  iodides  are,  as  a  rule,  volatile,  and  sparingly  soluble  in 
water.  The  oxides  and  oxygen  salts,  on  the  other  hand,  generally 
dissolve  £reely  in  water,  and  are  more  easily  decomposed  by  heat 
The  vapor  densities  of  several  of  these  compounds  are  given  in  Table 
IIL,  and  this  list  might  be  greatly  extended. 
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415.  ZZRCOXnuiC  i?r  =  S9.6.  —  Quadrivalent.  Found  only  in 
Ziicon,  Eudialjte^  and  a  few  other  yeiy  xare  minerals.  The  ele- 
mentary sabstanoe  closely  lesembleB  siliGon.  It  may  be  obtained  by 
similar  reactions  in  three  corresponding  sftitesi  amorphous,  crystalline, 
and  graphitoidal.  Amorphous  zirconium  is  a  very  combustible  black 
powder.  The  crystals,  Sp.  Or.  4.15,  resemble  antimony  in  color, 
lustre,  and  brittleness,  and  bum  only  at  a  very  high  temperature. 
The  graphitoidal  variety  forms  very  light  steel-gray  scales.  Zirconium 
is  very  infusible,  is  but  slightly  attacked  by  the  ordinary  acids,  but 
hydrofluoric  acid,  and  in  some  conditions  aqua-regia,  dissolve  it 
rapidly. 

416.  Zirconio  Chloride,  ZrCl^y  is  a  white  volatile  solid  (Sp.  6r. 
=  117.6),  which  dissolves  easily,  and  with  evolution  of  heat,  in  water. 
This  solution,  or  the  solution  of  the  hydrate  in  hydrochloric  acid, 
yields  on  evaporation  a  laige  mass  of  white  silky  needles,  which,  when 
heated,  lose  water  and  hydrochloric  acid,  leaving  an  ozychloride, 

417.  Ziroonio  Fluoride,  ZrF^^  is  likewise  a  volatile  white  solid, 
and  forms  a  crystalline  hydrate,  ZrF^  .SJI^O,  which  is  decomposed  by 
heat,  leaving  pure  £rO^.  Zirconic  fluoride  unites  with  many  other 
metallic  fluorides,  forming  salts  which  are  isomorphous  with  the  corre- 
sponding compounds  of  silicon,  titanium,  and  tin.  The  following  sym- 
bols illustrate  the  known  types :  — 

Cadmio-zirconic  Fluoride,  ZrF^ .  2  OdF^ .  6  J2;  0 

Tripotassio-rirconic  Fluoride,  ZrF^ .  3XF 

Dipotassio-zirconic  Fluoride,  ZrF^ .  2  ZF 

Fotassio-zirconic  Fluoride,  ZrF^ .  KF.  Hfi 

Sodio-rirconic  Fluoride,  2  ZrF^ .  5  NaF 

418.  Ziroonio  Hydrate,  precipitated  from  the  chloride  by  am- 
monia, and  dried  at  17^,  has  the  symbol  Zr^Ho^.  Dried  at  a  higher 
temperature,  (ZrGfHo^.  It  is  a  yellowish,  translucent,  gummy  mass, 
having  a  conchoidal  fracture.  The  hydrate  precipitated  and  washed 
cold  dissolves  easily  in  acids,  and  to  a  slight  extent  even  in  water ; 
but  when  precipitated  from  hot  solutions,  or  washed  with  hot  water. 
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it  dissolves  only  in  concentrated  acids.  Ziroonic  hjdnte  acts  both  as 
a  base  and  an  acid. 

There  aie  several  zirconic  sulphates.  The  nonnal  salt  cail  be  dys- 
tallized,  and  the  formation  of  a  basic  sulphate,  which  is  precipitated 
when  a  neutral  solution  of  zixconia  in  sulphuric  acid  is  boiled  with 
potassic  sulphate,  is  one  of  the  most  chaiacteristio  reactions  of  zir- 
conium. The  salts  of  drconium  have  an  astringent  taste,  and  the 
solutions  redden  turmeric  paper. 

The  precipitated  hydrate  is  insoluble  in  caustic  alkalies ;  but  when 
precipitated  by  a  fixed  alkaline  carbonate,  or,  better,  \by  a  bicarbonate, 
it  dissolves  in  an  excess  of  the  reagent  The  alkaline  zirconates  can 
be  obtained  by  fusion,  and  several  definite  crystalline  zirconates  of  the 
more  basic  radicals  have  been  studied. 

419.  2lroonlo  Oxide  (Ziroonia),  ZrO^^  is  obtained  by  heating  the 
hydrate.  Prepared  at  the  lowest  possible  temperature,  it  forms  a  white, 
tasteless  powder,  soluble  in  acids ;  but  when  heated  to  incipient  red- 
ness it  glows  brightly,  becomes  denser  and  much  harder,  and  is  then 
insoluble  in  any  acid  excepting  hydrofluoric  or  strong  sulphuric  acid* 
Zirconia  has  been  crystallized  artificially  in  the  same  form  as  Tin  Stone 
and  Rntile. 

The  mineral  Zircon  is  usually  regarded  as  a  silicate  of  zirconium, 
Zt^fSi,  but  the  symbol  may  also  be  written  [Zr^SPfO^y  and  this 
view  harmonizes  with  the  fact  that  the  crystalline  form  is  almost  iden- 
tical with  that  of  ZrO^y  SnO^,  and  TiO^.  Moreover,  several  isomor- 
phous  varieties  of  this  mineral  are  known  (Malacone,  Oerstedite,  etc) 
in  which  the  proportions  of  Zr  and  Si  are  quite  variable.  They  are 
more  or  less  hydrous,  and  for  the  most  part  comparatively  soft ;  but, 
like  pure  ZrO^^  they  become,  when  heated,  exceedingly  hard,  as  well  as 
more  dense. 

420.  THORIUM.  Th  =  231.4.  —  The  mineral  Thorite,  or  Oiange- 
ite,  is  essentially  a  hydrous  silicate  of  this  exceedingly  rare  metallic 
element,  which  has  also  been  found,  but  only  as  a  subordinate  con- 
stituent, in  Euxenite,  Pyrochlore,  Monazite,  Gadolinite,  and  Orthite. 
When  Thorite  is  decomposed  by  hydrochloric  acid,  a  solution  of  thoric 
chloride,  TliCl^y  is  obtained,  from  which  the  caustic  alkalies  precipitate 
a  hydrate  insoluble  in  an  excess  of  the  reagent.  A  similar  precipitate 
IB  obtained  with  the  alkaline  carbonates,  but  this  readily  dissolves 
when  an  excess  is  added  to  the  solution.  In  the  same  solution  a  pre- 
cipitate Ib  obtained  with  oxalic  acid,  potassic  sulphate,  and  potassic 
fenocyanide. 
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Afl  the  above  reactions  indicate.  Thorium  is  allied  in  many  of  its 
properties  to  the  metals  of  the  gladnam  and  cerium  groups ;  but  in 
other  resects  it  resembles  more  nearly  zirconium,  with  which  it  is  here 
associated.  The  anhydrous  oxide  7%0,  is  a  white  powder,  which 
glows  when  heated,  becomes  more  dense,  and  after  ignition  is  insoluble 
in  any  acid  except  concentrated  sulphuric.  It  has  a  high  specific 
gravity,  and  by  fusion  with  borax  has  been  obtained  in  tetragonal 
crystals  (Fig.  57)  resembling  those  of  Tin  Stone,  SnO^  and  Hutile, 
TiO^  The  anhydrous  chloride  is  volatile,  and  the  hydrated  chloride 
forms  a  radiate  crystaUine  mass,  like  ZrCl^,  The  chloride  may  be  re- 
duced by  sodium,  and  the  metal  may  be  thus  obtained  as  a  gray 
lustrous  powder,  which  readUy  bums  in  the  air. 

QX7ESTI0NS  AND  PBOBLEMS.    (Divisions  XXYH.,  XXVIIL) 

Tltanlwin. 

1.  Compare  by  means  of  graphic  symbols  the  composition  of  Perofskite 
and  Menaccanite.    Can  they  be  regarded  as  similarly  constituted  % 

2.  Write  the  reaction  by  which  titanic  chloride  is  made. 

3.  According  to  the  experiments  of  Isidore  Pierre,  0.8215  gramme  of 
TiCl^  yields  2.45176  grammes  of  AgCL  Calculate  the  atomic  weight  of 
titanium,  and  state  clearly  the  course  of  reasoning  by  which  the  result  is 
reached.  Ans.  60.34. 

4.  Write  the  reaction  which  takes  place  when  a  dilute  aqueous  solution 
of  TiCl^  \&  boiled. 

5.  Write  the  reactions  which  take  place  when  a  solution  of  titaniferous 
iron  in  hydrochloric  acid  is  boiled  with  tin,  and  explain  the  use  of  this  re- 
action as  a  test  for  titanium. 

6.  Write  the  reaction  by  which  TiF^  is  prepared,  and  also  show  how  it  is 
decomposed  by  water. 

7.  Represent  the  constitution  of  hydro-titanic  fluoride  by  a  graphic  sym- 
bol, assuming  that  F  is  trivalent. 

8.  Bepresent  in  a  tabular  form  the  possible  titanic  hydrates. 

9.  Do  the  hydrates  of  any  of  the  preceding  elements  present  phenomena 
similar  to  those  of  titanic  hydrate  1 

10.  Write  the  reaction  by  which  TiS^  is  prepared,  and  also  the  reactions 
by  which  ciystab  of  TiO^  may  be  obtained. 
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IL  Compare  the  specific  grayities  and  hardnees  of  the  natiye  titanic 
oxides.  What  would  these  differences  indicate  in  legaid  to  the  molecular 
constitution  of  these  minezals  ? 

12.  Eepresent  by  graphic  symbols  the  constitution  of  the  nitrides  of 
titanium. 

13.  Point  out  the  analogies  between  titanium  and  the  platinum  metals. 
Is  titanium  in  any  way  related  to  iron  1 

Tin. 

14.  Write  the  reactions  of  hydrochloric^  nitric,,  and  snlphuiio  add  on 
metallic  tin. 

15.  Write  the  reaction  of  stannous  chloride  on  solution  of  ffgCl^ 

16.  Write  the  reaction  by  which  anhydrous  SnCl^  is  prepared. 

17.  Analyze  reactions  [361]  and  [362],  and  explain  the  use  of  tin  salts  as 
a  mordant 

18.  Write  the  reactions  by  which  anhydrous  SnCl^  is  prepared. 

19.  Represent  the  constitution  of  hydrous  stannic  chloride  by  graphic 
symbols,  and  apply  the  same  principle  to  the  interpretation  of  other  similar 
compounds. 

20.  Write  the  reaction  when  a  dilute  aqueous  solution  of  stannic  chloride 
IB  boiled,  and  explain  the  use  of  this  solution  as  a  mordant. 

21.  Write  the  reaction  which  takes  place  when  stannous  hydrate  is  boiled 
with  a  concentrated  solution  of  potassic  hydrate.  • 

22.  Make  a  table  exhibiting  the  possible  stannic  hydrates,  and  explain 
the  difference  between  the  two  classes  of  these  compounds. 

23.  Write  the  reaction  which  takes  place  when  a  dilute  aqueous  solution 
of  stannic  sulphate  is  boiled. 

24.  Write  the  reaction  which  takes  places  when  a  solution  of  sodic  stan- 
nate  Ib  boiled  with  ammonic  chloride. 

25.  Represent  the  constitution  of  metastannic  hydrate  by  graphic  sym- 
bols,  and  explain  the  two  opinions  which  have  been'totertained  in  r^ard 
to  it,  showing  how  far  they  are  sustained  by  facts. 

26.  Write  the  reaction  of  H^  on  a  solution  of  stannous  or  stannic  chloride. 

27.  Write  the  reaction  which  takes  place  when  SnS  is  dlBsolved  in  yellow 
ammonic  sulphide,  and  that  which  follows  on  neutralizing  the  alkaline 
solvent  with  an  acid.  Write  also  the  reactions  when  an  alkaline  hydrate  is 
used  as  the  solvent 
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28.  Point  out  the  analogiet  and  the  difEBveooes.  between  tin  and  titamom. 
By  what  simple  xeaction  may  the  two  elements  be  sepaiated  when  in 
flolotion  t 

29.  How  18  tin  related  to  the  pktinnm  metals  t 

30.  According  to  the  experiments  of  Dumas,  100  parts  of  tin,  when  ox- 
idized by  nitric  acid,  yield  127.105  parts  of  SnO^.  What  is  the  atomic 
weight  of  the  element,  assuming  that  the  oxide  has  the  constitution  repre- 
sented by  the  symbol  ?  Ans.  118.00. 

31.  On  what  facts  do  the  conclusions  in  regard  to  the  atomicity  of  tin  and 
the  constitution  of  its  several  compounds  rest  f 

32.  Show  that  the  atomic  weight  of  tin,  deduced  from  the  percentage  com- 
position and  vapor  densities  of  its  compounds  with  the  alcohol  radicals, 
agrees  with  the  value  given  above.  Show,  also,  that  these  compounds  fully 
illustrate  the  atomic  relations  of  the  elements. 

33.  State  the  reasons  for  classing  zirconium  and  thorium  with  tin  and 
titanium. 

34  Point  out  the  resemblances  between  zirconium  and  silicon,  and  give 
the  reasons  for  classing  Zircon  with  Tin  Stone  and  Rutile. 

36.  The  compounds  formed  by  the  fluorides,  chlorides,  bromides,  etc.  of  the 
elements  of  the  last  three  sections  have  been  usually  represented  as  double 
salts.  May  they  not,  however,  be  regarded  as  constituted  after  the  type  of 
the  chloropktinates  and  chloroplatinites  (§§  392  and  393  ?)  Consider  whether 
there  is  any^eal  ground  for  a  distinction  between  the  compounds  of  this 
same  general  clasa.  Consider  also  in  this  connection  the  suggestion  in 
§  410. 
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DIVISIOMr  XXIX. 

421.  SILICON.  5}=28.  — QuadriTalent  Moet  abundant  of  the 
elements  after  oxygen,  forming,  as  is  estimated,  about  one  fourth  of 
the  rocky  crust  of  the  globe.  Always  found  in  nature  united  with 
oxygen,  either  as  Quartz,  SiO^  or  associated  with  more  basic  radicals  in 
the  various  native  silicates,  many  of  whose  symbols  have  already  been 
given  (§§  264,  283).  The  elementary  substance  may  be  obtained  in 
three  different  conditions,  —  amorphous,  graphitoidal,  and  crystalline. 

1st.  By  decomposing  SiF^ .  2KF  with  potassium  or  sodium,  or  by 
heating  the  same  metals  in  a  current  of  the  vapor  of  SiCl^  silicon  is 
obtained  as  a  dull-brown  powder,  which  soils  the  fingers,  and  readily 
dissolves  in  hydrofluoric  acid  or  a  warm  solution  of  caustic  potash, 
although  insoluble  in  water  and  the  common  acids.  When  ignited  it 
bums  brilliantly,  but  the  grains  soon  become  coated  with  a  varnish 
of  melted  silicon,  which  protects  them  from  the  further  action  of  the 
air. 

2d.  The  brown  powder  just  described,  when  intensely  heated  in  a 
closed  crucible,  becomes  very  much  denser  and  darker  in  color,  and 
afterwards  is  insoluble  in  hydrofluoric  acid,  and  does  not  bum  even  in 
the  oxyhydrogen  flame.  It  does  dissolve,  however,  in  a  mixture  of 
hydrofluoric  and  nitric  acids,  or  in  fused  potassic  carbonate,  and  it 
deflagrates  if  intensely  heated  with  nitre. 

dd.  At  the  highest  temperature  of  a  wind-fdmace  silicon  melts,  and 
may  be  cast  into  bars  which  have  a  crystalline  stmcture,  a  submetallic 
lustre,  and  a  dark  steel-gray  color.  Moreover,  by  reducing  silicon  in 
contact  with  melted  aluminum  or  zinc,  the  molten  metal  dissolves  the 
silicon,  and  afterwards,  on  cooling,  deposits  it  in  definite  crystals. 
These  crystals  have  a  reddish  lustre  and  the  form  of  diamond,  which 
they  almost  rival  in  hardness. 

422.  BiUoio  Anhydride  or  SiUoa.  SiO^—Bj  &r  the  most 
abundant  of  all  mineral  substances.  The  mineralc^^ists  distinguish 
two  principal  modifications,  Quartz  and  OpaL  Quartz  crystallizes  in 
the  hexagonal  system  (Figs.  84  to  87),  has  a  Sp.Gr.  of  2.5  to  2.8,  is  so 
hard  that  it  cannot  be  cut  with  a  file,  and  even  in  powder  is  but 
slightly  acted  on  by  hot  solutions  of  caustio  alkalies.  Opal  is  amor- 
phous or  colloidal,  has  a  i^.  &r.  of  1.9  to  2^3,  ia  easily  abraded  with  a 
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file,  and  dissolves  in  alkaline  solutions.  Each  of  these  mineral  species 
exhibits  numerous  varieties,  determined  by  differences  of  structure  or 
admixtures  of  different  bodies.  Among  those  of  Quartz  may  be  men- 
tioned Common  Quartz,  Milky  Quartz,  Smoky  Quartz,  Amethyst, 
Chalcedony,  Carnelian,  Agate,  Onyx,  Flint,  Homstone,  Jasper,  Sand- 
stone, and  Sand.  Among  those  of  Opal  we  have  Precious  Opal,  Com- 
mon Opal,  Jasper  Opal,  Wood  Opal,  Siliceous  Sinter,  Float  Stone,  and 
Tripoli  These  two  conditions  of  SiO^  however,  are  sometimes  found 
alternating  on  the  same  specimen,  and  the  chalcedonic  varieties  of 
Quartz  have  frequently  the  appearance  of  Opal,  through  which  state  they 
probably  passed  in  the  process  of  formation.  The  Opals  are  more  or 
less  hydrous,  but  the  water  present  is  usually  regarded  as  unessential 

Both  in  its  crystalline  and  in  its  amorphous  condition  silica  is  in- 
soluble in  water,  and  in  all  acids  excepting  hydrofluoric  acid,  which  is 
its  appropriate  solvent.  The  heat  of  the  oxyhydiogen  flame  is  re- 
quired for  its  fusion,  but  at  this  temperature  it  melts  to  a  transparent 
glass,  and  may  be  drawn  out  into  fine  flexible  elastic  threads,  the  fused 
silica  aflecting  the  amorphous  condition.  When  added  in  powder  to 
melted  sodic  or  potassic  carbonate  it  causes  violent  effervescence,  and 
if  the  silica  is  pure  the  product  is  a  colorless  glass.  Unless  the  silica 
is  in  great  excess,  the  alkaline  silicates  thus  obtained  are  soluble  in 
water,  and  are  generally  known  as  soluble  or  waUr  glass.  They  yield 
alkaline  solutions,  which  are  very  much  used  in  the  arts,  —  1.  As  a 
cement  for  hardening  and  preserving  stone ;  2.  In  preparing  walls  for 
j&esco-painting ;  3.  For  mixing  with  soap ;  and  4.  In  preparing  mor- 
danted calico  for  dyeing.  The  same  solutions  can  be  also  made  by 
digesting  flints  in  strong  solutions  of  the  caustic  alkalies  at  a  high 
temperature  under  pressure. 

423.  Silicic  Hydrates.  —  If  to  a  solution  of  an  alkaline  silicate  in 
water  hydrochloric  acid  be  added  gradually,  a  gelatinous  precipitate  of 
silicic  hydrate  is  formed,  which,  in  its  initial  condition,  probably  has 
the  composition  ffo^Si ;  but  in  drying  it  passes  through  every  degree 
of  hydration,  and  the  various  hydrates  which  have  been  obtained  in 
this  and  in  other  ways  may  be  represented  by  the  general  formula 

nffo^Si  —  mfffi  =  ffo^^^{O^SQ.  [363] 

They  are  all,  however,  very  unstable  bodies^  some  losing  water  at  low 
temperatures,  and  others  very  hygroscopic,  so  that  it  is  difficult  to 
obtain  definite  compounda. 
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If,  instead  of  making  the  experiment  as  just  directed,  a  dilate  solu- 
tion of  an  alkaline  silicate  be  ponied  into  a  considerable  excess  of 
hydrochloric  acid,  no  precipitate  is  formed.  The  whole  of  the  hydrate 
remains  in  solution  mixed  with  the  alkaline  chlorides  and  free  hydro- 
chloric acid  These  crystalloid  substances,  howerer,  can  readily  be 
separated  by  dialysis  from  the  colloid  hydrate,  and  a  pure  solution  oi 
silicic  hydrate  may  be  thus  obtained,  containing  as  much  as  five  per 
cent  of  SiO^.  Moreover,  by  boiling  in  a  flask,  the  solution  may  be 
concentrated,  until  the  quantity  of  silica  reaches  fourteen  per  cent 
This  solution  is  limpid,  colorless,  tasteless,  and  has  a  feebly  acid  reac- 
tion, which  a  very  small  quantity  of  K-ITo  is  sufficient  to  neutralize. 

Evidently,  then,  silicic  hydrate  has  both  a  soluble  and  an  insoluble 
modification,  but  the  last  is  by  far  the  most  stable  condition.  The 
concentrated  solution,  formed  as  above,  in  a  few  days  completely 
gelatinizes.  Moreover,  even  in  a  closed  vessel  this  jelly  gradually 
shrinks,  spontaneously  squeezing  out  the  greater  part  of  the  water, 
until  at  last  it  becomes  a  hard  mass,  resembling  OpaL  When,  however, 
the  solution  is  quite  dilute^  it  can  be  kept  indefinitely  without  gelati- 
nizing, and  most  spring  and  river  waters  hold  an  appreciable  amount 
of  silicic  hydrate  thus  dissolved.  The  power  of  dissolving  silica,  which 
natural  waters  possess,  is  greatly  enhanced  by  the  presence  of  alkaline 
carbonates ;  and  when  the  action  of  the  alkaline  liquid  is  aided  by  a 
high  temperature,  as  in  the  case  of  hot  springs,  large  quantities  of 
silica  are  frequently  dissolved,  and  such  solutions  have  undoubtedly 
exerted  an  important  agency  in  the  geological  history  of  the  earth. 
Whenever  a  solution  of  silicic  hydrate  is  evaporated  to  dryness,  the 
whole  of  the  silica  is  rendered  insoluble,  and  cannot  afterwards  be 
dissolved  either  in  water  or  common  acids. 

424.  Silicates.  —  Although  it  is  impossible  to  isolate  the  number- 
less intermediate  silicic  hydrates  comprehended  in  [363],  yet  we  find 
in  nature  numerous  mineral  silicates  formed  after  the  same  types,  and 
which  may  be  regarded  as  derived  from  the  hydrates  by  replacing  the 
hydrogen  atoms  with  various  basic  radicals.  These  silicates,  like  silica 
itself,  affect  both  the  crystalline  and  the  colloidal  condition. 

The  crystalline  silicates  are  represented  by  numerous  well-defined 
mineral  species,  and  by  the  rocks  which  are  simply  aggregates  of  such 
minerals.  They  have  been  formed  in  many  ways;  for  example, — 
1.  By  deposition  from  solution ;  2.  By  the  action  of  heated  water  or 
vapor  on  igneous  and  sedimentary  rocks ;  3.  By  the  slow  cooling  of 
molten  siliceous  material 
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The  colloidal  silicates  are  lepvesented  bj  the  ObddianB,  the  Fitch- 
etones,  and  other  yolcanic  rocks,  which  have  probably  always  been 
fonned  by  the  sudden  cooling  of  melted  lavas.  To  the  last  class 
belong  also  the  yaiions  artificial  silicates  we  call  Glass,  and  the  Slags 
obtained  in  many  metallargical  processes.  Thus  Crown  Glass  is  a  sili- 
cate of  sodium  or  potassium  with  calcium ;  Flint  Glass,  a  silicate  of 
either  of  these  alkaline  radicals  with  lead ;  and  the  Slags  are  silicates 
of  calcium,  magnesium,  aluminum,  and  iron,  in  various  combinations. 
Since  many  of  the  basic  hydrates  and  anhydrides  may  be  melted  with 
silica  in  almost  every  proportion,  we  do  not  find  in  the  colloidal  sili* 
cates  the  same  definite  composition  as  in  the  crystalline  minerals,  but 
they  are  probably  in  all  cases  mixtures  of  definite  compounds. 

Most  of  the  silicates  are  fusible,  and  their  fusibility  is  increased  by 
mixture  with  each  other.  As  a  rule,  those  which  contain  the  most 
fusible  oxides  melt  the  most  readily,  and  the  more  readily  in  propor> 
tion  as  the  base  is  in  excess.  Only  the  alkaline  silicates  above  re- 
ferred to  are  soluble  in  water.  Most  of  the  hydrous  silicates,  and 
many  which  are  anhydrous,  but  contain  an  excess  of  base,  are  decom- 
posed by  acids  ;*  but  the  anhydrous,  normal,  or  add  silicates  are,  as 
a  rule,  unaffected  by  any  acid  except  hydrofluoric,  although  they  can 
be  rendered  soluble  by  fusion  with  an  alkaline  carbonate.  When  the 
ftised  mass  is  treated  with  HGl  +  Aq^  evaporated  to  dryness,  and  again 
digested  with  the  same  acid,  the  silica  remains  as  a  gritty  insoluble 
powder,  and  can  at  once  be  recognized.  The  presence  of  silica  in  a 
mineral  can  generally  also  be  discovered  by  fusing  a  small  fragment 
before  the  blowpipe  with  microcosmic  salt.  This  decomposes  the 
mineral,  but  does  not  dissolve  the  silica,  which  is  left  floating  in  the 
clear  bead. 

425.  Constltiition  of  Native  Silioatea.  —  The  symbols  of  many 
of  the  native  silicates  have  already  been  given,  and  those  of  others  will 
be  discovered  by  solving  the  problems  which  follow  this  division. 
Moreover,  the  principles  on  which  these  symbols  are  written  have 
been  fully  developed.    There  is  still,  however,  an  uncertainty  in  regard 

*  Solnble  componndB  of  the  haaic  radicals  are  thua  formed,  while  the  silica 
separates,  either  as  a  gelatinous  hydrate,  or  as  a  loose,  anhydrous  powder.  Some- 
times, however,  the  silica  also  dlssolvea,  and  generally  it  is  taken  np  to  a  limited 
extent  In  every  case  the  ailica  becomes  anhydrous  and  completely  insoluble,  if 
the  solution  is  evaporated  to  dryness  at  the  boiling  point  of  water,  and  the  reddua 
heated  a  few  degrees  higher. 
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to  the  constitution  of  aome  of  these  mineials,  and  it  is  not  always 
possible  to  deduce  from  the  results  of  analysis  a  probable  rational 
formula,  even  when  these  results  are  known  to  be  essentially  accurate. 
This  uncertainty  arises  from  seyeral  causes : —  1.  We  haye  no  sure  crite- 
rion of  the  purity  of  the  mineral,  since  we  are  not  able^  as  in  the  case 
of  artificial  products,  to  eliminate  admixtures  by  repeated  crystallizar 
tions.  2.  The  methods  commonly  used  to  determine  the  molecular 
weight  of  compounds  (§  53)  entirely  ML  in  the  case  of  these  silicates, 
and  this  important  element  for  fixing  the  symbol  is  therefore  wanting* 
(§  24).  Moreover,  when  the  molecule  is  condensed,  (that  is,  contains 
several  atoms  of  silicon,)  unavoidable  inaccuracies  in  the  processes  may 
vitiate  conclusions  based  on  analysis  alone.  3.  The  constant  replace- 
ment of  one  radical  by  another  (§  365)  renders  the  composition  of 
most  silicates  very  complex,  and  we  are  frequently  at  a  loss  to  deter^ 
mine  the  part  which  a  given  radical  may  play  in  the  compound  This 
is  especially  true  of  hydrogen,  for  we  have  no  certain  means  of  decid- 
ing whether  the  atoms  of  this  element  in  a  hydrous  silicate  are  a  part 
of  the  molecule  itself  or  only  connected  with  it  in  the  water  of  crys- 
tallization. 

426.  SymboUi  of  Native  Silicates.  —  The  composition  of  most 
native  silicates  may  be  so  varied  by  replacements,  without  any  essen- 
tial change  in  external  qualities,  that  such  a  mineral  species  cannot  be 
distinguished  as  a  compound  of  definite  radicals^  but  merely  as  con- 
forming to  a  certain  general  formula,  and  the  only  specific  character  is 
the  ratio  between  the  total  quantivalence  of  the  several  composite 
radicals  of  which  the  mineral  may  be  supposed  to  consist.  This 
ratio  we  call  the  cUomie  ratio.  Thus  the  composition  of  common  Gar- 
net may  in  general  be  represented  by  the  formula 

n     VI  rv 

but  R  may  be  either  Ofae,  Mg,  Fe,  Mn,  or  Or,  and  [i?J  either  [l/J, 
[/(f  J,  or  [CrJ,  and  Garnets  have  been  analyzed  in  which  these  several 
radicals  are  mixed  together  in  every  conceivable  way  consistent  with 
the  general  formula  to  which  they  aU  conform.  Tkuftyrmvla,  however^ 
is  merely  the  expression  of  a  definite  ratio  between  the  quantivcUenee  or 

*  We  have  reason  to  hope  that  a  more  accniate  knowledge  of  the  laws  which 
govem  the  molecalar  Yolume  of  oomponndB  in  the  solid  condition  may  hereafter 
supply  this  deficiency. 
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alomicUia  of  the  several  daaet  of  radieali  taken  as  a  whole,  and  in  the 
lait  analysit  this  ratio  is  itself  the  specific  character.  Hence  the  great 
importance  of  the  atomic  ratio  in  mineralogy,  and  it  \&  eyident  how 
easily  it  can  he  calculated  when  the  symbol  of  the  mineral  is  giyen ;  on 
the  other  hand,  from  the  ratio  we  can  as  easily  constnict  the  general 
formula  of  the  mineral.  Thus  in  the  case  of  Gvamet  the  ratio  between 
the  dyad,  hexad,  and  tetrad  radicak  is  3XlI:lXVI:3xlV  = 
6:6:12,  or  1:1:2,  which  is  evidently  expressed  in  its  simplest 
terms  by  the  symbol  above. 

In  works  on  mineralogy  the  atomic  ratio  is  given  for  each  of  the  na- 
tive silicates,  and  in  any  case  this  ratio  is  easily  deduced  from  the 
results  of  analysis  by  simply  extending  the  method  for  finding  the  sym- 
bol of  a  body  whose  molecular  weight  is  unknown  (page  62).  Having 
obtained  the  several  quotients  which  represent  the  relative  number  of 
atoms  on  the  supposition  that  the  molecular  weight  is  100,  we  next 
multiply  each  of  these  quotients  by  the  quantivalence  of  the  respective 
radicals.  Lastly,  we  add  together  these  products  for  each  class  of  re- 
placing radicals,  and  compare  the  several  sums  thus  obtained.  For 
example,  an  actual  analysis  of  the  Bohemian  Garnet  (Pyrope)  gave  the 
following  results : — 

SiO^  41.35 

Alfi^  22.35 

FeO  9.94 

MnO  2.59 

MgO  15.00 

CaO  5.29 

CrO  4.17 


Si 

19.30 

ox 

[AQ 

11.92 

u 

Fe 

7.73 

M 

Mn 

2.01 

M 

Kg 

9.00 

« 

Ca 

3.77 

U 

Or 

3.19 

U 

0 

43.77 

100.69  100.69 

Dividing  now  each  per  cent  by  the  atomic  weight  of  .the  radical,  and 
multiplying  by  its  quantivalence,  we  obtain  the  following  numbers :  — 


Si      (19.30  -^  28   )  X  4  =  2.76 

2.76 

[^/J  (11.92  -*-  54.8)  X  6  =  1.31 

1.31 

Fe     (  7.73  -4-56   )  X  2  =  0.27 

Mn    (  2.01  -s-  55   )  X  2  =  0.07 

Mg    (  9.00  -*-  24   )  X  2  =  0.75 

Oa     (  3.77  -8-40   )  X  2  =  0.19 

a-     (  3.19  -h  52.2)  X  2  =  0.12 

1.40 
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whence  we  deduce  the  ratio, 

1.40  : 1.31  :  2.76,       or        1:1:2  nearly. 

This  ratio,  although  not  exacts  is  as  ne^  the  theory  as  we  can  expect, 
considering  the  material  and  methods  used,  and  is  as  near  as  we 
usually  obtain. 

There  is  an  uncertainty  in  the  results  of  all  calculations  of  this  kind, 
which  arises  from  the  fact  that  we  have  no  sure  guide  in  selecting  the 
radicals  to  be  grouped  together.  Although  it  is  true  in  general  that 
replacements  are  limited  to  radicals  of  the  same  atomicity,  yet  most 
mineralogists  admit  that  radicals  of  the  form  [R^  may  replace  3  i^, 
and  some  go  so  far  as  to  reckon  a  part  of  the  Si  among  the  basic  rad- 
icals. Hence  our  results  are  to  a  certain  extent  arbitrary,  and  in  many 
cases  give  no  satisfactory  information  as  to  the  constitution  of  the  min- 
eral analyzed ;  but  by  deducing  the  atomic  ratio  according  to  the  rule 
just  given,  we  in  all  instances  reduce  the  results,  as  it  were,  to  the 
simplest  terms,  and  bring  them  into  a  form  in  which  they  can  be  most 
conveniently  compared  with  each  other. 

It  is  usual  in  works  on  mineralogy  to  present  the  results  of  analysis 
on  the  old  dualistic  plan,  as  if  the  mineral  were  formed  by  the  union 
of  various  basic  anhydrides  with  silicon.  Starting  with  such  data,  how- 
ever, it  is  not  necessary  to  calculate  the  per  cent  of  each  radical  in  the 
assumed  anhydrides  before  applying  the  above  rule,  because  by  divid- 
ing the  per  cent  of  each  anhydride  by  its  molecular  weight  we  shall  ob- 
viously obtain  the  same  quotients  as  before.  For  example,  in  the  analysis 
of  Garnet  cited  above,  where  the  data  are  given  in  both  forms,  we  have 

Si:&0^=  19.30  :  41.35,      or      19.30  s-  28  =  41.35  n-  60 ; 

and  so  for  each  of  the  other  values. 

In  the  symbols  of  the  silicates  as  formerly  written,  on  the  dualistic 
plan,  the  atoms  of  oxygen  were  necessarily  apportioned  among  the 
different  radicals  in  proportion  to  their  quantivalence,  although  this 
fundamental  distinction  between  them  was  itself  overlooked.  Thus, 
the  general  symbol  of  Garnet  would  be  written,  dualistically, 

3  SO,R/)g,Z  SiO^ 

and  it  is  evident  that  the  number  of  oxygen  atoms  is  in  each  case  a 
measure  of  the  relative  atomicities  of  the  radicals  with  which  they  are 
associated.  Hence  the  atomic  ratio  might  also  be  found  by  comparing 
together  the  quantities  of  oxygen  which  the  several  assumed  oxides 
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contain,  and  this  is  the  manner  in  which  the  calcolation  was  formerly 
made.  Hence,  also,  the  atomic  ratio  has  been  called  the  oxygen  ratio, 
and  was  long  used  in  mineralogy  before  its  true  meaning  was  under- 
stood. But  although  the  old  method  gives  the  same  results  as  the  new, 
it  is  not  in  harmony  with  our  modem  theories,  and  is  practically  less 
simple.  Moreover,  the  principle  is  far  more  general  than  the  old 
method  would  imply,  and  may  be  used  with  all  classes  of  compounds, 
as  well  as  with  those  in  which  the  radicals  are  cemented  together  by 
oxygen.  Furthermore,  it  is  sometimes  useful  to  compare  the  atomic 
ratios  of  the  complex  radicals  which  may  be  assumed  to  exist  in  differ- 
ent minerals,  and  interesting  relations  may  fi^uently  be  discovered  in 
this  way  which  the  old  method  would  entirely  overlook. 

427.  Silloio  Sulphide,  SiS^  —  When  the  vapor  of  CS^  is  passed 
over  a  mixture  of  silica  and  carbon  intensely  ignited,  this  compound  is 
deposited  in  the  colder  part  of  the  tube  in  "long,  white,  silky,  flexible, 
asbestiform  needles.''  It  can  be  volatilized  in  a  current  of  dry  gas ; 
but  in  contact  with  moist  air,  or  when  heated  in  aqueous  vapor,  it  rap- 
idly decomposes,  the  products  being  SI^  and  amorphous  silica,  the 
latter  of  which  retains  the  form  of  the  sulphide.  It  undergoes  a  simi- 
lar decomposition  in  contact  with  liquid  water,  but  the  silica  formed 
dissolves  completely,  and  the  solution,  when  concentrated,  yields  the 
same  singular  vitreous  hydrate,  resembling  Opal,  described  above. 

428.  Silicio  Fluoilde,  SiF^^  is  a  colorless  gas  (Sp.  Gr.  =  52)  which 
can  only  be  reduced  to  the  liquid  state  by  great  pressuie  and  cold.  It 
is  easily  prepared  by  the  reaction 

(SiO^'\-2CaFt+2ff^SO,)  z=2(OaS0^.B^0)^SiIF^.     [364J 

When  brought  in  contact  with  the  air,  it  is  at  once  decomposed  by 
aqueous  vapor,  and  forms  dense  fumes.  Passed  into  water,  it  is  ab- 
sorbed in  large  quantities,  and  the  products  are  silicic  hydrate  and 
hydro-silicic  fluoride. 

(3  SiF,  -h  4^0  +  Jy)  =  H,sO,iSi  +  2{2BF.  SiF^  +  Aq).    [366] 

The  same  solution  can  also  be  obtained  by  dissolving  silica  in  hydro- 
fluoric acid.  It  forms,  when  saturated,  a  very  sour,  fuming  liquid, 
which  evaporates  at  40^  in  a  platinum  vessel  without  leaving  any  res- 
idue.   Hence  a  very  simple  way  of  testing  the  purity  of  silica. 

The  solution  of  hydro-silicic  fluoride  acts  as  a  strong  acid.  It  dis- 
solves iron  or  zinc  with  the  evolution  of  hydrogen,  and  decomposes 
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many  metallic  ozideB,  hydiatea^  and  carbonates,  forming  definite  aalte* 
It  is  therefore  frequently  called  silico-fluoiic  acid  (JfySiF^),  and  its  salts 
are  named  silico-fldoridee.  The  potaasinm  salt,  K^SiF^  and  the  barium 
salt,  BarSiF^  are  both  sparingly  soluble  in  water,  and  may  therefore 
be  readily  obtained  by  precipitation.  Moreover,  since  the  correspond- 
ing sodium  and  strontium  salts  are  much  more  soluble,  this  reagent 
may  be  used  to  distinguish  potassium  from  sodium,  but  more  espe- 
cially barium  from  strontium.  Several  of  the  silico-fluorides  may  be 
readily  crystallized. 

Ammonic  Silico-flnoride,  {NH^fSiF^ .  xti^  0 

Cupric  Silico-fluoride,  CwSiF^ .  7  If/) 

Manganous  Silico-fluoride^  MnrSiF^ .  7  H^O 

429.  Silicic  Chloride,  SiCl^^  is  formed  by  passing  a  current  of 
chlorine  gas  through  an  intimate  mixture  of  silica  and  carbon  heated 
intensely  in  a  porcelain  tube. 

SiO,  +  C,  +  2  Ol-®  =  2  O©  +  SiOV  [366] 

It  is  H  colorless,  volatile  liquid  (Sp»  Gr,  1.52),  boiling  at  50^,  and  is 
decomposed  by  water  into  hydrochloric  acid  and  silicic  hydrate.  0||, 
®r.  of  vapor  5.94.     It  is  also  slowly  decomposed  by  H^S. 

SiCl^  +  H^S  =  SiCl^,Hi  +  HCL  [367] 

The  new  product  is  a  colorless  liquid,  boiling  at  96^,  and  yielding  a 
vapor  whose  Sp.  (9t.  =  5.78. 

When  the  vapor  of  SiCl^  is  passed  through  a  white-hot  porcelain 
tube,  it  undergoes  a  partial  oxidation,  and  is  in  part  converted  into  an 
oxychloride, 

2  SCa^  +  0  =  &;O0Ze  +  ®1-®1,  [368] 

the  oxygen  required  coming  from  the  glazing  of  the  tube.  This. com- 
poimd  is  also  a  colorless  fuming  liquid,  resembling  the  chloride.  It 
boils  at  138^  and  has  S|l.  ®r.  =  10.05. 

430.  Silicic  Bromide,  SiBr^,  may  be  formed  in  a  similar  way,  and 
closely  resembles  the  chloride,  but  is  less  volatile,  boiling  at  153^,  and 
crystallizing  at  from  12""  to  15^  0|i.  (St.  of  vapor  12.05.  The  com- 
pound Si 01^,1,  0||.  <$r.  =  7.25,  is  also  known. 

431.  Silicic  Iodide,  SH,  is  a  colorless  crystalline  solid,  melting  at 
120^5,  and  boiling  at  about  290°.    0p.  (8r.  of  vapor  19.12.    It 
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crystallizes  in  regular  octahedToss,  and  is  obtained  bj  passii^  iodine 
vapor  in  a  stream  of  CO^  over  ignited  silicon. 

432.  SiUoio  Hydride.  SiH^.  —  One  of  the  silicic  ethers  (§  435), 
when  heated  with  sodium,  furnishes  this  remarkable  compound  in  a 
pure  condition. 

4  i(CA)fOj^SiH)  =  3  (((7^,)4sO/«)  H-  SilH,.         [369] 

The  sodium  induces  the  chemical  change  by  its  mere  presence.  The 
composition  of  silicic  hydride  has  been  determined  by  the  following 
reaction :  — ^ 

BilH,  +  (2  K-O-H  +  H^O  +  Ag)=:  (KfO^-SiO  '\-Aq)+i  ai-Hl  [370] 

It  is  a  colorless  gas,  which  inflames  at  a  very  low  temperature  (under 
some  conditions  spontaneously),  and  yields  when  burnt  silicic  anhy- 
dride and  water. 

433.  Silioio  Hydrochloride;  SiHCl^,  is  a  colorless  inflammable 
liquid,  obtained  by  passing  ITOl  over  ignited  silicon.  It  has  0p.  (9r. 
=  4.64,  and  may  be  regarded  as  the  chloride  of  the  radical  (SiHyCl^, 
corresponding  to  chloroform,  (CITfCl^i  among  the  compounds  of  car- 
bon. The  corresponding  bromine  and  iodine  compounds  are  also 
known.  When  mixed  with  water  these  substances  are  decomposed, 
and  a  voluminous  white  powder  is  formed,  which  has  been  called 
Leukon. 

2  SiUa^  -h  3 ^,0  =  {SiOH)i^ 0  -h  6  HGl  [371] 

Leukon  dissolves  in  the  alkaline  hydrates  or  carbonates,  yielding  an 
alkaline  silicate  and  evolving  hydrogen.  It  also  decomposes  water, 
and  acts  in  general  as  a  reducing  agent. 

434.  Silioio  Ethide,  Si{C^^\,  and  SlUoio  Methide,  Si(Cff^^, 
are  two  colorless  volatile  liquids,  prepared  by  heating  SiCI^  with  zinc 
ethide  and  zinc  methide  in  sealed  tubes.  They  boil  respectively  at 
30''  and  153^,  and  their  vapors  have  a  S)l.  ®r.  of  3.08  and  5.13. 
Also  another  compound  has  been  described  whose  symbol  may  be 

written  OSi^C^:)^' 

435.  Silioates  of  the  Organic  Radicals,  or  Silicic  XSthera.  —  A 

large  number  of  these  compounds  have  been  prepared,  containing  the 
radicals  methyl,  ethyl,  and  amyl,  either  singly  or  associated  in  diflerent 
combinations.  They  are  all  colorless  volatile  liquids,  highly  combus- 
tible, and  having  for  the  most  part  an  ethereal  odor.  We  give  in  the 
following  table  the  symbols,  the  boiling  points,  and  the  vapor  densities 
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of  several  of  the  most  inteieAting  ethers,  and  of  the  chlorhydiines  (§  280) 
derived  from  them. 


Sp.  Or. 
oTUqnld. 

Vh      M%9                Vk      ■        A. 

TiVorDnuttf.      | 

BoUiig  Point. 

OlM. 

Gkkk 

(a^)^OfSi 

1.059 

121"  - 122" 

6.38 

6.26 

(GH^,>O^Si-Cl 

1.195 

114».6-115° 

6.68 

6.42 

{CHt)fOiSi-Cl, 

1.259 

gS"  - 103° 

5.66 

6.67 

{CB,)-0-S^Cl, 

82°  -  86° 

5.66 

6.73 

(CH^I^O^fi 

1.144 

201°  -  202°.6 

9.19 

8.93 

{C,H,\iO^ 

0.968 

166°  - 166° 

7.32 

7.27 

{C,H,)^0,'Si-H 

134° 

6.68 

(,G,H,)fOiSi-Gl 

1.048 

157° 

7.05 

6.81 

■  {C^,),-0,'Si-€l, 

1.440 

137° 

6.76 

6.64 

,(C,H,)-0-Si^Cl, 

1.291 

104° 

6.38 

6.22 

{CA)^O^Si,0 

1.020 

12.02 

11.86 

{C,HX(CAO)^}Si 

190° 

7.69 

{CH,\,  (fiA)fO^Si 

1.004 

143°  - 146° 

6.18 

6.23 

(CH,),   {C,H,)fO^Si 

0.981 

165°  -  167° 

6.72 

{C^,)^{C,H,,)^OfSi 

0.915 

246°  -  260° 

10.12 

((7,F.),  (C,H^)^,,Si 

0.913 

280°  -  286° 

11.67 

The  following  eqviations  illustrate  some  of  the  leactioiia  by  which 
these  compounds  have  been  piepaied :  — 

4  O^fff  0-H  +  SiCl^  =  {C^X^  OtW  +  4  Ha.  [372] 

^  {(PtH^)fOfSi)  +  SiCl^  =  4  {C^^\^OiSiCl.  [373] 

(C,£r,),8  Of  Si  +  SiCl^  =  2  (Cjfl;),-  Of&Ck .  [374] 

{CtH,);-OfSiCl  +  G,H,^0-H=  (CtffMOtH^,,)WfSi+  HCl  [376] 

3(Ctff,)-0-S+  SiHCl,  =  (C^,)fOfSiff+  ZHCl.  [376] 

6  (C^S;)-  0-H  +  Si^Oa^  =  {CtH^^O^fi  +  6  HCl  [377] 

In  general,  these  leactions  may  be  obtained  by  simply  heating  to- 
gether the  several  fiictors,  enclosed  if  necessary  in  sealed  tubes.  The 
process  is  usually  complicated  by  accessoiy  changes,  and  a  mixed  pro- 
duct results,  which  must  be  purified  by  repeated  fractional  distillation. 
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QUESTIONS  AND  PBOBLEMS. 

1.  Compare  tlie  properties  of  Bilicon  in  its  different  conditions  with  those 
of  boron. 

2.  Make  a  table  illustrating  the  relations  of  the  possible  hydrates  of  silicon. 

3.  Required  the  general  formula  of  the  following  mineral  species  whose 
atomic  ratios  are  given  in  the  table  :  — 


I 

R 

n 

R 

1 

VI 

3 

Si 

a 

Tomrala  itqalrtd. 

Anorthite 

4 

Sarcolite 

1 

1 

2 

^    i2g[/2.>«iOi^5», 

Epidote 

1 

2 

3 

i2^ft]4«xTt6/ge*»^'Sfi, 

Vesuvianite 

3 

2 

6 

Ri.lRil.^O^^Si,, 

Leucite 

1 

3 

8 

i2^[iJa]TiiiO,Tiii5i^O^ 

Beryl 

1 

1 

4 

B^lR^^O,^i.O. 

loUte 

1 

3 

5 

l{i,lR;i^Oi^Si^O^ 

Oligoclase 

1 

3 

10 

i22,[i?a>iflOjTiiiSijOe 

Natrolite 

1 

3 

6 

2 

i2jJft>iuOjTiii5tgO, .  2^2^ 

Analcime 

1 

3 

8 

2 

Harmotome 

1 

3 

10 

6 

Stilbite 

1 

3 

12 

6 

J2,[i2,>«iOgTtti5ieO, .  ^H^O 

The  number  of  atoms  of  oxygen,  which  form  the  vinculum  in  each  of  the 
above  formulas,  is  always  necessarily  equal  to  the  total  atomicity  of  all  the 
basic  radicals,  and  as  many  atoms  of  oxygen  are  associated  with  the  acid 
radical  as  are  required  to  complete  the  molecule.  The  last  evidently  serve 
to  bind  together  the  atoms  of  silicon  when  they  are  in  excess  over  the  num- 
ber requiiikL  to  neutralize  the  base  (§  299).  The  precise  form  we  give  to 
the  symbols  is  in  great  measure  arbitrary,  and  must  be  determined  from 
many  circumstances,  which  do  not  influence  the  results  of  analysis  ;  and  the 
great  advantage  of  expressing  these  results  in  the  form  of  an  atomic  ratio 
is  found  in  the  fact  that  they  are  thus  reduced  to  the  simplest  terms,  and 
exhibited  independently  of  all  hypothesis,  leaving  each  student  to  construct 
the  formuhe  according  to  his  own  theoretical  conceptions. 

4.  Bepresent  the  constitution  of  Anorthite,  Sarcolite,  and  Beryl  by  graphic 
symbols. 
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5.  In  the  following  table  the  percentage  composition  of  a  number  of 
native  silicates  is  given  on  the  usual  plan,  as  if  they  were  composed  of  basic 
anhydrides  and  silica.  It  is  required  in  each  case  to  deduce  the  atomic 
ratio  and  construct  the  formula. 


Na^O 

KtO 

U^O 

FtO 

CbO 

MgO 

Mt(H 

FhOm 

aiOt 

H^O 

Batto. 

WollMtonito 

488 

617 

1:2 

PyrozMM 

ao 

218 

18L4 

6&7 

1:2 

BpodomeiM 

&4 

294 

64.2 

i:a 

PetaUte 

12 

&8 

17.8 

77.7 

1:4 

Vonterito 

67.14 

42.86 

1:1 

Iron  GwiMt 

17.8 

12.4 

884 

87.2 

1:1:2 

ZoMto 

87.8 

22.8 

89.9 

1:1:2 

DTttito 

8L6 

1241 

28.4 

82.8 

8:2:6 

8M«oUte 

4.1 

88.4 

218 

89.7 

1:1:2 

AodMlM 

6.68 

108 

6.n 

1.06 

2128 

1.68 

68.60 

1:8:8 

AnftldiiM 

14.1 

28J) 

614 

82 

1:8:8:2 

Hmikndito 

9.2 

1&9 

69.1 

118 

1:8:12:6 

6.  It  was  formerly  supposed  that  the  symbol  of  silica  was  Si^Op  corre- 
sponding to  that  of  boric  oxide,  Bfi^  when  Si  =  21  and  0  =  16.  What 
facts  can  you  adduce  in  support  of  tiie  symbol  adopted  in  this  book  ? 

7.  Deduce  the  atomic  weight  of  silicon  from  the  data  of  §  435,  according 
to  the  principle  of  §  20.  It  is  assumed  that  the  percentage  composition  of 
the  various  compounds  has  been  accurately  determined  by  analysis. 

8.  Point  out  the  analogieff  between  the  properties  of  silicic  fluoride  and 
chloride,  and  those  of  the  eoxsesponding  compounds  of  boron. 

9.  Compare  the  chemical  qualities  of  silicon  with  those  of  the  elements 
immediately  preceding  it  in  our  classification.  To  which  element  is  it  more 
closely  allied  t 

10.  Compare  the  chemical  qualities  of  silicon  with  those  of  carbon,  and 
illustrate  by  examples  the  analogies  between  those  elements. 

11.  Point  out  the  examples  of  chloxhydrines  in  the  table  of  §  435. 

12.  Describe  and  illustrate  by  reactions  the  methods  by  which  the  silicic 
ethers  and  chlorhydrines  are  prepared. 
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DIVISION  XXX. 

436.  CARBON.  (7=12.— Qnadrivalent.  One  of  the  most  widely 
diffused  and  one  of  the  most  important  elements  in  the  acheme  of 
terrestrial  nature.  United  to  the  three  aeriform  elements,  oxygen^ 
hydrogen,  and  nitrogen,  it  forms  the  chief  solid  substratum  of  all 
organized  stractures.  Combined  with  oxygen  it  forms  the  carbonic 
dioxide  of  the  atmosphere,  which  is  the  food  of  the  whole  vegetable 
world.  In  a  nearly  pure  condition,  or  combined  with  hydrogen,  it  is 
found  in  the  earth's  strata,  forming  those  deposits  of  coal  and  petroleum 
which  are  such  great  stores  of  light,  heat,  and  motive  power  (§  65). 
Lastly,  it  is  an  essential  constituent  of  the  limestones  and  Dolomites, 
which  constitute  an  important  part  of  the  rocky  crust  of  the  globe 
(§§  l^d>  221).  The  elementary  substance  is  found  in  nature  in  three 
very  different  conditions,  namely,  coal,  graphite,  and  diamond. 

437.  COAZi.  — All  organized  tissues,  and  many  other  carbonaceous 
materials,  when  heated  without  free  access  of  air,  are  charred;  that 
is,  volatile  products  are  driven  of^  and  more  or  less  of  the  carbon  is 
left  behind  in  an  uncombined  condition.  Common  charcoal,  animal 
charcoal,  lamp-black,  ivory-black,  etc.  are  all  artificial  products  of  this 
kind,  and  mineral  coal  is  the  charred  remains  of  the  rank  vegetation  of 
an  early  geological  epoch.  Since  carbon  is,  under  all  circumstances, 
infusible  and  non-volatile,  coal  frequently  retains  the  structure  of  the 
organic  tissue  from  which  it  was  derived,  and  this  element  may  there- 
fore be  regarded  as  the  skeleton  of  all  organic  forms,  which  in  the 
process  of  growth  gather  around  this  solid  nucleus  the  elements  of  air 
and  water.  The  great  porosity  of  many  kinds  of  coal,  which  lesolts 
from  its  organic  structure,  renders  it  a  powerful  absorbent  both  of 
aeriform  and  liquid  materials,  and  hence  the  use  of  wood  charcoal  as  a 
disinfecting,  and  of  bone-black  as  a  decolorizing  agent.  The  ready 
combustibility  of  coal  is,  however,  the  most  characteristic  and  impor- 
tant, as  it  is  the  most  familiar  quality  of  this  variety  of  carbon,  which 
is  peculiarly  adapted  for  its  all-important  uses  as  fuel,  not  only  on 
account  of  its  high  calorific  power,  but  also  because  it  retains  its  solid 
condition  at  the  highest  furnace  heat,  and  because  the  product  of  its 
combustion  is  an  invisible  innocuous  gas,  the  appropriate  food  of 
plants.     In  its  more  porous  conditions  coal  is  a  non-conductor  of  heat 
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and  electricity,  has  a  low  specific  gtavitj  and  a  high  specific  heat^  both 
Tazying,  howeTer,  in  different  varieties  between  quite  wide  limits. 

438.  Oraphite  has  usually  a  foliated  structure,  and  is  found  occa- 
sionally in  small  six-sided  tables  belonging  to  the  third  system,  but  it 
is  also  met  with  in  compact  amorphous  masses.  From  its  frequent 
association  with  crystalline  minerals,  evidently  the  products  of  aqueous 
action,  we  naturally  infer  that  it  must  have  been  formed  in  a  similar 
way ;  but  the  nature  of  the  process  is  not  understood.  Graphite  is 
very  soft,  leaving  a  black  shining  streak  on  paper,  and  has  a  /Sjp.  Or,  = 
1.209.  It  is  practically  incombustible,  although  it  burns  slowly  in  an 
dxyhydrogen  flame,  or  when  ignited  in  a  current  of  oxygen  gas.  It 
has  a  metallic  lustre,  and,  since  it  also  conducts  electricity  nearly  as 
well  as  the  metals,  it  has  been  called  Metallic  Carbon. 

The  carbon  which  separates  from  some  varieties  of  cast-iron  when 
the  molten  metal  slowly  cools  is  in  the  condition  of  graphite,  and  the 
cavities  in  iron  slags  are  sometimes  lined  with  crystalline  plates  of  the 
same  material  Moreover,  when  coal  is  intensely  heated  in  a  close 
vessel,  it  acquires  the  characteristic  lustre  and  conducting  power  of 
the  same  mineral,  and  a  similar  product  is  formed  in  the  iron  retorts 
in  which  illnmiuating-gas  is  manufactured.  Ordinary  coke  also  some- 
times approaches  the  same  condition.  All  these  materials,  however, 
are  usually  very  hard,  and  thus  differ  from  true  graphite ;  but  under 
the  intense  heat  of  the  electric  arc,  the  carbon  points  of  the  electric 
lamp  often  acquire  all  the  characteristics  of  the  native  mineral 

Graphite  may  be  obtained  in  a  state  of  minute  subdivision  by  heating 
with  strong  sulphuric  acid  the  coarsely  pulverized  mineral,  previously 
mixed  with  one  fourteenth  of  its  weight  of  potassic  chlorate,  and,  after 
washing  with  water  and  drying,  igniting  the  residue.  If  this  process 
is  many  times  repeated  the  graphite  is  converted  into  a  yellow  crystal- 
line product,  which  has  been  called  graphitic  acid,  and  which  has  been 
regarded  as  a  peculiar  compound  of  the  graphitoidal  condition  of  car^ 
boiL     Analysis  gives  the  symbol  ^11^4  0^ 

439.  DXAMOHB.  —  This  well-known  gem  is  also  a  crystalline 
condition  of  carbon.  It  affects  the  forms  of  the  monometric  system, 
and  may  be  cleaved  in  directions  which  are  parallel  to  the  £Bu:es  of  the 
regular  octahedron.  Its  peculiar  brilliancy  is  due  to  a  very  high 
refractive  and  dispersive  power  united  to  a  strong  lustre  called  Ada- 
mantine. The  effect  is  greatly  increased  by  the  lapidary,  who  cuts 
numerous  facets  on  the  gem,  which  reflect  and  disperse  the  light  in 
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yarioTiB  diieetions.  Diamond  is  the  haidest  sabstanoe  known,  and  can 
theiefore  only  be  cat  with  its  own  powder.  Bough  or  small  stones 
called  *^  Bort  Diamonds,"  which  are  otherwise  valueless,  are  pounded 
up  and  used  for  this  purpose.  The  mineral  called  Carbonado  is  a  porous 
and  massive  form  of  impure  diamond,  which  is  used  for  forming  the 
points  of  rock-boring  tools.  On  account  of  its  great  hardness  diamond 
crystals  are  used  for  cutting  glass,  and  the  convexity  of  the  £su»s 
enables  them  to  bear  the  necessary  pressure  without  breaking.  The 
diamond  bums  at  a  high  temperature  much  more  readily  than  graphite, 
and  in  an  atmosphere  of  pure  oxygen  sustains  its  own  combustion, 
yielding  CO^  like  all  other  forms  of  carbon.  It  is  a  poor  conductor  of 
dectricity,  but  when  intensely  heated  in  the  voltaic  arc  it  suddenly 
acquires  this  power,  becomes  specifically  lighter,  and  is  converted  into 
a  kind  of  coke.  It  is  found  in  alluvial  soil  at  only  a  few  localities, 
chiefly  in  India,  Borneo,  and  BraziL 

It  will  thus  be  seen  that  carbon  presents  the  most  remarkable 
example  of  allotropism  which  has  been  observed  in  nature,  and  the 
essential  differences  between  the  three  states  appear  chiefly  in  the  form, 
density,  and  capacity  for  heat^  (compare  page  46,)  which  we  sum  up 
in  the  table  below :  — 

Wood  Charcoal, 

Graphite, 

Diamond, 

In  all  these  forms  carbon  is  chemically  the  same,  and  yields  the  same 
product  (CO^  when  burnt.  It  is  not  only  non-volatile  and  infusible, 
but  does  not  even  soften  in  the  hottest  fire ;  although  in  the  experi- 
ments of  Despretz,  with  a  voltaic  battery  of  intense  energy,  it  appears 
to  have  undergone  incipient  fusion,  and  to  have  been  partially  vola* 
tilized.  Lastly,  although  combustible  at  a  high  temperature,  yet  under 
ordinary  conditions  carbon  effectually  resists,  and  for  an  indefinite 
period,  the  action  of  all  Atmospheric  agents,  and  its  uses  for  fuel  on  the 
one  hand,  and  for  printing-ink  on  the  other,  are  remarkable  illustra- 
tions of  the  singular  twofold  aspects  of  this  element  in  the  economy  of 
nature. 

We  have  no  knowledge  of  the  origin  of  the  diamond ;  but  minute 
crystals  are  said  to  have  been  produced  artificially  by  decomposing 
bone  oil  by  metallic  lithium  at  a  high  temperature  under  great  press* 


CxyitalUiie  Voim. 

8p.  Or, 

8p.HMt 

Amorphous, 

0.300 

0.2415 

Hexagonal, 

2.229 

0.2027 

Isometric, 

3.629 

0.1469 
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ure.     The  bone  oil  and  lithium,  mixed  with  paiaffine  spirit,  were 
heated  to  a  red  heat  in  a  dosed  iron  tube  for  fourteen  hours. 

CSARBON  AKD  OXYOiER,  or  SUUPHUR. 

440.  Carbonic  Dioxide,  GOy  —  With  this  aeriform  product  of  or- 
dinary combustion  the  student  must  have  already  become  familiar. 
Although  a  gas  under  ordinary  conditions,  it  can  be  condensed  by 
pressure  and  cold  to  a  colorless  limpid  liquid,  which  freezes  by  its  own 
evaporation  to  a  light  flocctdent  solid,  outwardly  resembling  snow,  a 
condition  in  which  it  is  used  to  produce  a  great  degree  of  cold.  As  a 
gas  it  is  distinguished  by  the  absence  of  all  those  qualities  which  afTect 
the  senses,  and  hence,  although  playing  such  an  important  part  in 
nature^  it  escaped  notice  until  the  year  1757,  when  it  was  first  discov- 
ered by  Dr.  Black.  It  is  not  only  a  product  of  the  combustion  of 
all  carbonaceous  materials,  and  of  the  slow  oxidation  of  organic  tissues 
called  decay,  but  it  is  also  one  of  the  chief  products  of  respiration,  and 
of  the  other  processes  of  animal  life.  Carbonic  dioxide  is  likewise 
formed  during  fermentation,  and  is  the  cause  of  the  efierveecence  in  all 
fermented  liquids.  It  is  a  product  of  volcanic  action,  and  is  copiously 
evolved  from  the  earth  in  many  localities,  especially  in  volcanic  dis- 
tricts. As  it  is  much  heavier  than  the  air,  0y*  ®r.  =  1.529,  it  not 
unfrequently  collects  in  wells,  mines,  and  caverns,  and  it  is  the  choke- 
damp  which  has  occasioned  so  many  serious  accidents ;  for  although 
not  poisonous,  properly  speaking,  the  free  secretion  of  carbonic  dioxide 
from  the  body  is  an  essential  condition  of  life,  and  this  is  arrested  as 
soon  as  the  amount  in  the  atmosphere  exceeds  a  small  per  cent 

Although  an  immense  flood  of  carbonic  dioxide  is  being  constantly 
poured  into  the  atmosphere  from  the  various  sources  just  enumerated, 
yet  in  the  beautiful  balance  of  creation  the  plant  restores  the  equilib- 
rium which,  these  causes  tend  to  disturb.  This  product  of  animal  life, 
of  decay,  and  of  combustion  is  the  food  of  the  vegetable  world,  and, 
as  has  been  stated  (§  69),  the  sun's  rays  acting  on  the  leaves  of  the 
plant  undo  the  work  of  destruction,  and  while  the  plant  fixes  the  car- 
bon in  its  tissues,  the  oxygen  ia  restored  to  the  atmosphere.  While 
the  plant  is  an  apparatus  of  reduction,  the  animal  is  an  apparatus  of 
combustion,  in  which  the  carbon  it  receives  with  its  food  is  burnt  in 
each  act  of  life»  and  every  breath  carries  back  carbonic  dioxide  to  the 
atmosphere,  ready  to  be  reabsorbed  by  the  plant,  and  repass  through 
^tbe  phases  of  organic  life. 
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Water  dissolves  very  nearly  its  own  volume  of  carbonic  dioxide  gas 
(§  58),  and  this  important  agent  is  as  universally  diffused  through  the 
waters  of  the  globe  as  it  is  through  the  atmosphere,  and  sustains  the 
same  intimate  relations  to  the  plants  and  animals  which  inhabit 
the  water  as  it  does  to  those  which  live  in  the  air.  Moreover,  in  this 
condition  of  solution  carbonic  dioxide  is  a  very  active  and  important 
agent  in  the  mineral  kingdom,  exerting  a  powerful  solvent  action  on 
many  minerals  which  would  be  otherwise  unaffected  by  water,  and 
thus  causing  extensive  geological  changes.  (§§  189,  221,  and  Prob. 
66,  page  396.) 

Although  the  solution  of  CO^  in  water  acts  in  all  respects  like  a 
simple  solution  (§  59),  yet  there  are  reasons  for  regarding  it  as  a  solu- 
tion of  carbonic  acid,  and  writing  its  symbol  {H^O^CO  +  Aq),  It 
has  an  acid  reaction  (§  40),  and  dissolves  iron  with  the  evolution  of 
hydrogen  gas  (§  266).  Moreover,  it  neutralizes  many  basic  hydrates, 
and  such  reactions  are  most  simply  regarded  as  examples  of  direct 
metathesis,  thus :  — 

{CofO^H^  +  H^O^CO  +  Aq)  =  Ca^O\-CO  +  (2  Hfi  +  Aq).    [378] 

Carbonic  acid  is  a  weak  dibasic  acid,  and  forms  two  distinct  classes 
of  salts,  the  most  important  of  which  have  already  been  described 
(§§  144,  €t  ieq,)f  and,  as  may  be  inferred  from  what  has  been  said, 
carbon  \a  next  to  silicon  the  most  abundant  acid  radical  in  the  mineral 
kingdom. 

The  quantity  of  (70,  formed  by  the  burning  of  a  known  weight  of 
carbon  can  be  collected  and  weighed  with  the  greatest  accuracy,  and  it 
was  thus  that  the  atomic  weight  of  carbon  was  determined.  Dumas 
found  in  a  series  of  very  accurate  experiments  that  100  parts  of  pure 
carbon  yield  exactly  366.66+  parts  of  (70,. 

441.  Carbonic  Monoxide,  00,  is,  like  00^  a  colorless  gas,  but 
contains  in  the  same  volume  only  one  half  as  much  oxygen,  and  its 
molecules,  not  being  saturated,  act  as  powerful  dyad  radicals  (§  29). 
The  gas  is  devoid  of  odor  and  taste,  is  very  poisonous,  is  but  slightly 
soluble  in  water,  and  can  be  condensed  to  the  liquid  state  only  with 
great  difficulty.  When  ignited  it  bums  with  a  blue  flame,  and  when 
in  contact  with  heated  metallic  oxides  it  acts  as  a  powerful  reducing 
agent,  in  each  ease  eagerly  absorbing  more  oxygen  without  changing 
its  volume.  It  is  formed  abundantly  in  all  furnaces  and  grates  when- 
ever the  first  product  of  combustioUi  always  COp  subsequently  paasea 
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thiongli  a  mass  of  ignited  carbonaceous  combustible,  and  it  plays  an 
important  part  in  many  metallurgical  processes,  not  un£requentlj  occa- 
sioning a  great  loss  of  heat  by  escaping  combustion.  It  is  also  formed, 
together  with  hydrogen,  when  steam  is  passed  over  ignited  coal,  and  it 
JTa  cMefingrecLient  in  the  so-called  water  gas. 

Uarbomc  monoxide^may  be  obtainecinui  a  pure  condition  by  a  number 
of  chemical  reactions,  of  which  the  following  is  the  most  available  : — 

Kf{FtC^N^  +  6  H^^^^SO^  +  6  iS^O  = 

Fe^Oj'SO^  +  2  K^'O^'SO^  +  3(iVB,),-0,-50,  +  6  O®.    [379] 

So,  also,  when  oxalic  acid  is  dehydrated,  —  best  by  heating  the  crys- 
tals with  concentrated  sulphuric  acid,  — it  breaks  up  with  evolution  of 
CO^  and  CO,  which  are  set  free  in  equal  volumes,  and  the  CO  may  be 
isolated  by  passing  the  gas  through  a  solution  of  caustic  alkali  which 


absorbs  the  COy 


H^'O^-C^O^  ^Hfi^  ®®,  +  O®.  [380] 


In  theoretical  chemistry  CO  is  chiefly  interesting  as  an  important 
acid  radical,  and  when  acting  in  this  capacity  it  is  usually  known  as 
carbonyL  It  is  the  acid  radical  not  only  in  the  normal  carbonates,  but 
also  in  almost  all  of  the  organic  acids.  The  following  beautiful  syn- 
thetical reaction,  obtained  by  simply  heating  carbonic  monoxide  gas 
with  potassic  hydrate,  illustrates  the  relations  of  this  radical  to  an  im- 
portant class  of  organic  acids. 

KO-H-k-  CO  =  K-OiCO-H).  [381] 

Pot— Ici  Ton— it. 


Under  the  influence  of  direct  sunlight,  carbonic  monoxide  combines 
directly  with  chlorine,  forming  COCl^  called  phosgene  gas.  This 
compound  is  at  once  decomposed  both  by  water  and  ammonia  {NH^^ 
and  in  each  of  the  resulting  reactions  the  radical  00  evidently  retains 
its  integrity. 

CKXIl^  ^H^0^2  Hajr  CO^  [382] 

<7(H7/,  +  4 H^^  H^BjN^<}0 -|-  ^NHJOI.  [383] 

442.  OxaUo  Acid,  Hf  Of  (7, 0, .  2  ii;  0.  —  The  anhydride  of  this 
acid,  Ofi^  has  never  been  obtained,  and  the  acid  itself  forms  the  first 
term  of  an  important  series  of  compounds,  2XL  of  which  contain  hydro- 
gen.     Strictly,  therefore,  it  cannot  be  classed  with  the  simple  com- 


■  *tmt^  ^^mr 


"!i 
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)ound8  of  carbon  and  oxyywn«  bnt  nevertheleBa  it  ia  beet  atadied  in 
tW  connection. 

The  calcic  and  potaaaio  salts  of  oxalic  acid  are  found  in  the  juices  of 
many  plants,  and  when  oiganic  bodies  are  oxidised  b  j  nitric  acid,  or 
similar  agents,  this  acid  ia  one  of  the  most  common  products.  It  is 
made  in  the  arts  by  the  action  of  nitric  acid  on  sugar  or  starch,  and 
also  by  heating  sawdust  with  caustic  potash. 

Oxalic  acid  easily  crystallizes  in  prisms  which  haye  the  composition 
indicated  above.  These  crystals  lose  their  water  of  crystallization  at 
100^  aud  at  160°  the  body  itself  is  broken  up,  the  products  being  car- 
bonic dioxide  and  formic  acid ;  but  the  greater  part  of  the  last  is  still 
further  decomposed  into  water  and  carbonic  monoxide,  and  a  portion 
of  the  oxalic  acid  always  sublimes  unchanged. 

CJOfi^^GH^O^JtOO^,    and     OBtO^  =z E^O  +  00.    [384] 

When,  however,  the  acid  is  heated  with  glycerine,  the  reaction  is  ar- 
rested at  the  first  stage,  and  yields  the  equivalent  quantity  of  formic  acid. 
Oxalic  acid  is  both  diatomic  and  dibasic.    Thus  we  have,  — 

Normal  Potassic  Oxalate,  Ef  OfOfi^ .  H^O 

Acid  Potassic  Oxalate  (Salt  of  Sorrel),  H,K' OfCfi^ .  B^  0 

Superacid  Potassic  Oxalate,       JJ, JT-  Of  0^  0^ .  ff^  O^Ct  0^ .  2  Hfi 

The  last  is  usually  regarded  as  a  molecular  compound.  With  the  ex- 
ception of  the  alkaline  salts,  the  oxalates  are,  as  a  rule,  insoluble  or 
difficultly  soluble  in  water,  and  on  the  great  insolubility  of  calcic  oxa- 
late several  important  analytical  processes  depend. 

Calcic  oxalate,  when  heated  to  not  too  high  a  temperature,  is  con- 
verted into  calcic  carbonate. 

OarOfO^O^  =  0(^0^00^-00.  [385] 

When,  however,  the  acid  itself  is  heated  with  an  excess  of  lime,  we 
obtain  a  somewhat  different  result. 


*  HfOiOfi^ -h.2 OaO  =  ^Oa^OfOO -h  B-H.  [386] 

Oxidizing  agents  convert  oxalic  acid  into  00^  (Ptob.  18,  page  393) 
by  removing  hydrogen. 

EfOfO^O^  +  0  =  Hfi  +  2  00^  [387] 

Substances  having  a  strong  attraction  for  water  transform  the  acid 
into  (70,  and  CO  [380], 
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Argentic  oxalate,  when  heated,  is  lesolyed  with  ezploeion  into 
metallic  silyer  and  CO^ 

Agi  O^Cfi^  P=  Ag-Ag  +  2  (70,  [388] 

On  the  other  hand,  when  an  amalgam  of  potassium  is  heated  in  an 
atmospheie  of  00^  the  gas  is  absorbed,  and  potassic  oxalate  lesults. 

K'K  +  WO^  =  K^iCfir  [389] 

These  reactions  all  justify  the  rational  symbol  assigned  to  oxalic 
acid,  and  by  writing  the  symbol  as  in  the  margin  the  rela- 
tion of  the  atoms  is  made  more  evident.  We  thus  see  that  S-O-ChO 
dry  oxalic  acid  may  be  regarded  as  formed  by  the  union  of  H-O-C^O 
two  atoms  of  the  compound  radical  (Ho-  QOy^  held  together 
by  one  affinity  of  each  of  the  carbon  radicals,  which,  when  not  thus 
satisfied,  may  join  the  radical  to  any  other  group  of  atoms  that  is  in 
the  condition  to  hold  it.  This  radical  is  called  carboxyl,  and  dry 
oxalic  acid  is  evidently  the  corresponding  radical  substance.  Carboxyl, 
as  is  evident,  is  not  only  univalent^  but  also  monobasic,  and  therefore 
must  transform  any  group  of  atoms  to  which  it  is  imited  into  an  acid. 
Moreover,  the  basicity  of  such  an  acid  will  be  measured  by  the  number 
of  atoms  of  carboxyl  which  it  contains.  Now  nearly  all  the  so-called 
organic  acids  may  be  regarded  as  compounds  of  carboxyl  with  the  dif- 
ferent hydrocarbon  radicals.  Those  containing  one  atom  of  carboxyl 
are  monobasic,  those  containing  two  atoms  are  dibasic,  those  containing 
three  are  tribasic  Carboxyl,  however,  must  itself  be  regarded  as  a 
compound  of  carbonyl  with  hydroxy  1,  and  thus  we  arrive  at  this  impor- 
tant general  principle  :  The  baticitif  of  an  organic  acid  is  determined 
by  the  number  of  atoms  of  Ho  which  it  contains  associated  vnth  carhonyL 
Moreover,  it  now  appears  why  the  basicity  may  be  less  than  the 
atomicity ;  for  the  last  is  measured  by  the  total  number  of  E6  atoms 
present,  however  united  to  the  nucleus  of  the  compound  (§  44).  But 
while  the  hydrogen  of  all  the  Ho  atoms  in  a  compound  may  be  dis- 
placed by  very  positive  metals,  or  compound  radicals  of  either  dass, 
we  can  only  displace  by  double  decomposition  with  bases  the  hydrogen 
of  those  atoms  which  are  associated  with  carbonyL 

The  explanation  of  this  important  principle  seems  to  be,  that,  while 

a  strong  positive  metal,  such  as  sodium,  will,  like  a  powerful  magnetic 

pole,  increase  the  attraction  of  the  point  of  affinity  to  which  it  is  op- 

posed|  and  thus  give  to  it  an  energy  it  would  not  otherwise  possess, 

86 
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yet  in  the  ordinary  metatbetical  reactions  the  atoms  of  hydrogen 
cannot  be  displaced  unless  they  are  in  a  polar  condition,  such  as  is 
determined  by  their  association  with  carbonyl. 

CARBON  AND   SXTUPHUR 

443.  Carbonic  Diaulphida.  CS^ — Charcoal  bums  in  an  at- 
mosphere of  sulphur  vapor  with  almost  as  much  energy  as  in  oxygen, 
forming  a  colorless  gas,  which  at  the  ordinary  temperature  of  the  air 
condenses  to  a  very  volatile  liquid,  distinguished  for  its  very  great 
refractive  and  dispersive  power,  and  much  used  in  the  arts  as  a  solvent 
of  phosphorus,  sulphur,  and  caoutchouc.  The  compound  CShsA  never 
been  obtained  in  a  free  state,  but  the  following  reactions  indicate  that 
it  exists  as  an  acid  radical  in  certain  sulphur  salts  (|  39). 

K^  +  OS^  =  KfS^-CS.  [390] 

(Pb'OfiNO^^-^-  K,'S,'CS+  Aq)  = 

P(rS^'CS+  {2K-O-N0^  +  Aq).     [391] 

Pb'S^<fS+  {ff^S-i-  Aq)  =  PbS+  {H^'S,'OS  +  Aq).       [392] 

CARBON   AND   NZTROOBN. 

444.  Cyanogen.  CN.  —  Although  carbon  will  not  combine  di- 
rectly with  nitrogen,  yet  when  heated  in  an  atmosphere  of  this  gas, 
and  in  the  presence  of  a  strong  alkaline  base,  the  two  elements  unite 
with  the  alkaline  metals,  and  the  resulting  product  contains  the  com- 
pound radical  Cy,  with  which  the  student  is  already  familiar,  under 
the  name  of  Cyanogen. 

A;-0,»(70+  4C7-I-  -H^iV=  2K-0N+  300.  [393] 

like  carbonyl,  cyanogen  is  a  strong  negative  or  acid  radical,  and  we 
need  admit  no  other  acid  radical  than  these  two  "  in  investigating  the 
whole  range  of  organic  compounds."  *    In  many  of  its  chemical  rda- 

•  There  is,  however,  a  class  of  adds,  formed  by  the  action  of  ff^O^SO^  on 
varioas  organic  aabntanoes,  in  which  the  radical  {ffo-SO^  appears  to  play  the 
same  part  as  the  radical  carboxyl  in  the  componnds  Just  noticed.  Such  bodies 
were  formerly  said  to  be  copulated,  or  coigugated,  and  these  tenns,  though  latterly 
discarded,  were  not  wholly  inappropriate. 
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tions  cyanogen  closely  resembles  the  elements  of  the  chlorine  group, 
fozming  many  compounds  which  are  analogous  to  the  corresponding 
chlorides^  bromides,  and  iodides,  but  in  other  respects  it  differs  widely 
from  these  elements,  both  on  account  of  its  compound  nature,  and  the 
singularly  complex  relations  of  the  two  elements  of  which  it  consists. 
Its  univalent  condition  is  an  obvious  result  of  the  quantivalence  of  its 

two  constituents. 

445.  Cyanoe^en  Oaa,  CN-CN  ot  CyOy^  bears  the  same  relation  to 
the  radical  CNihsX  chlorine  gas  bears  to  the  element  chlorine  (§§  54, 
129).     It  is  easily  made  by  heating  mercuric  cyanide. 

HgCy,  =  JS^y  +  %-Oy.  [394] 

At  the  same  time  a  brown  non-volatile  product  is  formed,  which  is 
called  Paracyanogen.  This  body  is  isomeric  with  the  gas,  but  probably 
represents  a  more  condensed  molecular  condition,  and  is  converted 
wholly  into  cyanogen  when  heated  in  an  inert  atmosphere. 

Cyanogen  has  been  condensed  to  a  liquid,  boiling  at  — 20^.7,  and 
fireezing  below  — 34^,  which  is  its  melting  point.  The  gas  is  colorless, 
has  a  suffocating  odor,  and  is  poisonous.  It  bums  with  a  beautiful 
flame,  which  recalls  the  color  of  peach-blossoms,  and  the  products  of  its 
combustion  are  00^  and  N^N,  It  dissolves  in  water,  but  not  so  freely 
as  in  alcohoL  The  aqueous  solution,  moreover,  is  not  permanent,  for 
the  cyanogen  slowly  unites  with  the  elements  of  water,  changing  into 
ammonic  oxalate. 

CN'CN^  iH^O  =  {NH^^-OfC^O^  [395] 

On  the  other  hand,  when  ammonic  oxalate  is  heated,  the  action  is  re- 
versed, and  these  facts  show  how  easily  carboxyl  and  cyanogen  are 
convertible.    Cyandgen  unites  directly  with  potassium,  forming  K-CN. 

446.  Hydrooyanio  Aoid.  H-QN, — The  anhydrous  acid  (a  com- 
bustible and  very  volatile  liquid)  is  most  readily  obtained  by  passing 
J^  over  HgCy^\  but  a  solution  of  the  acid  in  water  (the  Prussic 
Acid  of  pharmacy)  may  be  made  by  distilling  potassic  cyanide  or  ferro- 
cyanide  with  dilute  sulphuric  acid.  It  can  also  be  formed  by  the 
following  very  interesting  reaction  : — 


CHCl^  -h  NH^  :=ZHa  +  HCN. 


Hydrocyanic  acid  has  the  peculiar  odor  of  bitter  almonds,  and  is  in- 
tensely poisonous.     It  is  a  very  unstable  body,  and  undeigoes  sponta- 
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neous  decomposition,  which  is  greaUy  accelerated  by  the  action  of  the 
light.  When  diluted  with  water,  and  mixed  with  a  mineral  acid,  it  is 
more  permanent,  hut  it  is  so  volatile  that  even 'the  very  dilute  add 
used  in  pharmacy  rapidly  loses  strength  when  exposed  to  the  air. 

By  absorption  of  the  elements  of  water,  both  ammonic  oxalate  and 
ammonic  formate  are  slowly  produced  in  the  aqueous  acid ;  the  first 
by  a  reaction  similar  to  [395],  and  the  second  thus :  — 

H^CN  +  2Jy,0  =  NH^^O-iCOH).  [396] 

When  the  vapor  of  ammonic  formate  is  passed  through  a  red-hot  tube, 
the  last  reaction  is  reversed.  In  like  manner,  when  hydrocyanic  add 
is  mixed  with  hydrochloric  acid  (both  concentrated),  we  have 

jf  Cy+  HCl  +  2^0  =  H-OiCO-H)  +  NH^Ol.    ^  [397] 

FomlcAdd. 

447.  Cyanidea.  —  Hydrocyanic  acid  reddens  litmus  feebly,  and 
potassic  cyanide  has  an  alkaline  reaction.  The  acid,  however,  fireely 
dissolves  HgOy  forming  HgCy^  and  in  a  similar  way  (or  more  readily 
by  metathesis  from  potassic  cyanide)  a  large  number  of  metallic  cya- 
nides may  be  obtained.  The  alkaline  cyanides  are  very  soluble  in  water, 
and  several  of  the  cyanides  of  the  heavier  metals,  like  HgCy^  dissolve 
to  a  limited  extent.  Most  of  them,  however,  are  insoluble  in  pure 
water,  but  with  few  exceptions  they  all  dissolve  &eely  in  solutions  of 
the  alkaline  cyanides,  with  which  they  form  double  salts,  and  solutions 
of  AgOy  and  AuCy^  in  {KOy  +  Aq)  are  very  much  used  in  the  process 
of  electroplating.  The  double  cyanides  are  a  still  more  definite  and 
numerous  class  of  salts  than  the  simple  cyanides.  Among  them  we 
may  cite  as  examples 

Ag  Oy .  KGy,      and      Zn  Oy^ .  2KCy. 

All  these  cyanides  contain  cyanogen  as  such,  and,  ^th  few  excep- 
tions, when  heated  with  dilute  hydrochloric  acid,  they  yield  HOy,  and, 
if  soluble,  are  violent  poisons.  There  is,  however,  another  class  of 
compounds  formed  by  combining  with  the  alkaline  cyanides  the  cya- 
nides of  iron,  cobalt,  chromium,  platinum,  and  a  few  of  the  rarer 
metals ;  these  compounds  do  not  evolve  HCy  under  the  influence  of 
hydrochloric  acid,  and  have  not  the  same  deadly  character.  Moreover, 
the  metals  which  they  contain  cannot  be  displaced  by  the  usual  meta- 
thetical  methods.  Hence  we  have  come  to  the  conclusion  that  these 
bodies  are  not  simple  cyanides  of  the  metal%  but  contain  &r  mors 
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complex  ladicalsi  of  which  the  metalB  just  mentioned  foiftn  a  part. 
The  most  important  of  these  compounds  are  described  in  the  next  two 
sections. 

448.  Ferrooyanides.  B^i{FeO^N^)  or  B^^C^y.  —  'Poiaaaic  feTrocj- 
anide  (Yellow  Prussiate  of  Potash),  K^Cfy^  is  an  important  commercial 
product,  manufeustured  on  a  large  scale  by  fusing  nitrogenized  animal 
matter  with  potassic  carbonate  and  iron  filings,  lixiviating  the  resulting 
mass  with  water,  and  crystalliring.  The  salt  forms  large  yellow,  square, 
tabular  crystals,  is  very  much  used  in  dyeing,  and  is  the  primary  source 
of  all  the  cyanogen  compounds.  It  may  also  be  made  from  KOy  or 
HOn  by  the  following  reactions :  — 

FtS  +  6  JT-  CAT  =  KiiFt  O^N^  +  K^.  [398] 

1.  2  Ftfi^  +  3  J^eO  +  ISB^CN=  [FeA^jFeC^N^^  +  9 JST^O.     [399] 

2.  [Fe^Cfi/^  +  (12  K-Ho  +  Aq)  = 

2[Fe;!^o^+{SK/Cfy'{'Aq).    [400] 

When  fused,  the  ferrocyanide  is  partially  decomposed,  yielding  po- 
tassic cyanide,  which  ia  made  in  great  quantities  in  this  way. 

K^FeC^^  =  iK'CN+  FeC^  +  ^-.V.  [401] 

By  previously  mixing  the  ferrocyanide  with  potassic  carbonate  a 
larger  product  is  obtained,  but  less  pure,  as  potassic  cyanide  is  formed 
at  the  same  time. 

K:^FeCJ^^)  +  K^-O^CO  =  JSKON-^-  K-O-CN^  Ft  +  CO^  [402] 

From  the  solution  of  the  potassium  salt  various  ferrocyanides  are 
easUy  prepared  by  simple  metathesis,  and  several  of  them  have  striking 
and  characteristic  colors.  Thus,  when  the  solution  is  mixed  with  hy- 
drochloric acid  and  ether,  hydro-ferrocyanic  acid  is  precipitated. 

K^^Ofy  +  ^Wl  =  HfCfy  +  4  K(X  [403] 

With  a  ferric  salt  we  obtain  Prussian  Blue  (ferric  fezrocyanide). 

(2  [/VJCT.  +  3  K;^Ofy  +  Aq)  = 

IFe^^Cfy^^il^KGl-^Aq),     [404] 

Hence  the  origin  of  the  name  Cyanogen  (icuayos  and  ycvmiu). 

With  a  ferrous  salt  the  precipitate  is  white  or  neariy  so,  but  becomes 
blue  in  contact  with  the  air. 
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{FtrCl^  +  KfOfy  +  Aq)  =  K^Ft^Ofy  +  (2  KCl  +  Aq). 

^"^-  [405] 

UK^F^qfy'{'ZO'0^2[Fe;^Cfy^'\-^K^qfy^2Fe^O^ 

JIlM. 

With  cupric  salts  we  have  a  red  precipitate. 

(2  OvrO^SO^  +  K^Ofy  +  Aq)  = 

CufCfy  +  (2  jS;«0,-iffO,+  ilg).    [406] 

The  soluble  ferrocyanidesi  as  a  role,  crystallize  leadily,  and  the  ciys- 
tals  usually  contain  several  molecules  of  water,  thus :  — 

{NH,\tqfy.   ZH^O,     {NH^i^KfCfy,  (Ifff,),Kf(yy, 

NafCfy.UH^O,         Na,KfCfy  .eff^O,  BafOfy ,^Hfi, 

K^BaJ^Ofy.   ZH^O,  Zn^Gfy  .ZH^O,       (0^;)jiQfy . QB^O. 

449.  Ferrioyanldes.  —  By  passing  CI- CI  through  a  solution  of 
K^Gfy  a  compound  is  formed,  K^Gfy^  containing  the  hexad  radical 
{CfyCfy)l^  which  sustains  the  same  relation  to  Cffy  that  T^  bears  to 
[2V,]1  On  evaporating  the  solution  we  obtain  the  salt  in  deep  zed 
crystals,  which  are  an  article  of  commerce  under  the  name  of  Bed 
Prussiate  of  Potash. 

{2K,W/y+  Cl'Cl-\-Aq)  =  {K^Cfyt]^2KCl'^Aq).    [407] 

Other  ferricyanides  may  be  obtained  from  the  potassium  salts  by 
metathesis. 

With  a  solution  of  potassic  ferricyanide  ferrous  salts  give  a  deep  blue 
precipitate  called  Tumbull's  Blue. 

(3  Fe^CU  +  K^  C/y^  +  Aq)  =  Fefi  Cfy,]  +  (6  KCl  -f-  Aq).     [408] 

Ferric  salts,  on  the  other  hand,  give  no  precipitate,  and  it  will  be 
noticed  that,  while  these  salts  give  a  blue  precipitate  with  the  ferrocy- 
anides,  the  ferrous  salts  give  a  blue  precipitate  only  with  the  ferri- 
cyanides. Hence  a  simple  means  of  distinguishing  the  two  classes 
of  salts. 

450.  Other  Compounds  of  Cyanogen. — Chlorine  forms  with  cy- 
anogen two  polymeric  compounds. 

(CNyCl  (B.  P.  15.^5),  <^»^^^- 
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Iq  like  manner  there  are  two  polymeric  oxygen  acids. 

ff-OiON),  E/pACJr^ 

The  tendency  to  polymerism  (S  5S),  here  manifested,  is  a  remark- 
able feature  of  the  cyanogen  compounds,  and  gives  rise  to  products  of 
great  complexity,  most  of  which,  however,  have  been  but  little  studied. 
Their  condensed  molecules  are  evidently  held  together  by  complex  rad- 
icals formed  by  the  coalescing  of  several  atoms  of  cyanogen,  and  it  is 
evident  that  the  atomicity  of  such  radicals  must  be  equal  to  the  num- 
ber of  elementary  atoms  of  any  one  kind,  nitrogen  or  carbon,  of  which 
they  consist  On  the  same  principle  the  constitution  of  the  feno-  and 
ferri-cyanides,  as  well  as  that  of  paracyanogen,  may  be  explained. 

451.  Cyanates.  —  Cyanic  acid,  referred  to  above,  forms  an  impor- 
tant class  of  salts  which  have  a  great  theoretical  interest  on  account  of 
the  remarkable  transformations  of  which  many  of  them  are  susceptible. 
Potassic  cyanate  ia  readily  prepared  by  dropping  litharge  into  the  fused 
cyanide,  or  ferrocyanide,  so  long  as  the  oxide  is  reduced. 

KOif  +  PbO  =  KOCy  -h  Pb.  [409] 

In  order  to  crystallize  the  salt  the  fused  mass  should  be  exhausted  with 
alcohol  of  80^,  since  on  evaporating  an  aqueous  solution  the  salt  is 
slowly  decomposed.  The  same  change  takes  place  rapidly  when  the 
salt  Lb  heated  with  potassic  hydrate. 

K-O-CN^  K'OH^-  Hfi  =  K^OfOO  +  NH^         [410] 

When  potassic  cyanate  is  mixed  in  solution  with  ammonio  sulphate, 
a  metathesis  takes  place,  but  the  resulting  ammonio  cyanate  is  at  once 
transformed  into  a  remarkable  compound  ammonia  or  amide  (§418) 
called  urea, 

NH^OCN=  {H^)fOO,  [411] 

and  by  this  reaction  the  synthesis  of  this  complex  organic  product  was 
first  accomplished. 

452.  Bnlpho-OTanatea.  — By  fusing  potassic  cyanide  with  sulphur 
we  obtain  the  sulphur  salt  corresponding  to  potassic  cyanate,  or  KS-Oy, 
and  from  this,  as  from  the  cyanate,  a  large  number  of  compounds  may 
be  derived.  Potassic  sulpho-cyanate,  although  without  action  on  the 
ferrous  compounds,  strikes  a  deep  red  color  in  a  solution  which  con- 
tains the  least  trace  of  a  ferric  salt,  and  for  this  reason  Ib  a  very  useful 
reagent. 
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453.  **  Organio  Chemistry."  —  It  has  alread j  been  stated  that 
oiganized  beings  consist  of  materials  composed,  almost  exclusively,  of 
only  four  elements,  carbon,  hydrogen,  oxygen,  and  nitrogen;  nevei^ 
theless,  few  as  are  the  chemical  elements  concerned  in  the  processes  of 
organic  life,  the  number  of  compounds  which  have  been  discovered  in 
the  tissues  of  animals  and  plants,  or  formed  by  their  chemical  meta- 
morphosis, is  exceedingly  great.  Such  compounds  are  called  Organic 
Comjxmruh,  and  in  works  on  chemistry  they  are  usually  studied  to- 
gether under  the  separate  head  of  Organic  Chemutry. 

While  the  molecules  of  mineral  compounds  consist  for  the  most  part 
of  only  a  few  atoms,  those  of  organic  compounds  frequently  contain  a 
very  large  number,  and  the  diversity  in  organic  chemistry  is  obtained, 
not  by  multiplying  the  number  of  elements,  but  by  varying  the  molecu- 
lar grouping.  It  was  formerly  supposed  that  the  great  complexity 
thus  produced  was  sustained  by  what  was  called  the  vital  principle ; 
but  although  the  cause  which  determines  the  growth  of  organized 
beings  is  still  a  perfect  mystery,  we  now  know  that  the  materials  of 
which  they  consist  are  subject  to  the  same  laws  as  mineral  matter,  and 
the  complexity  may  be  traced  to  a  peculiar  quality  of  carbon,  already 
described.*  The  atoms  of  carbon  are  prone  to  combine  among  them- 
selves, and  the  same  tendency  which  appears  in  several  of  the  elements 
to  a  limited  extent  is  developed  in  the  case  of  carbon  to  a  very  high 
degree.  Carbon  is  the  skeleton  of  an  organic  compound  in  a  peculiar 
sense.  Its  atoms,  locked  together  like  so  many  vertebrae,  form  the 
framework  to  which  the  other  elements  are  fastened,  and  thus  a  com- 
plex molecular  structure  is  rendered  in  a  wonderful  measure  compact 
and  stable. 

Oi*ganic  chemistry  is  simply  the  chemistry  of  the  compounds  of  car- 
bon, and  has  no  distinctive  character  except  that  which  the  peculiar 
qualities  of  this  singular  element  give.  Moreover,  although  in  a  com- 
pendium of  the  science  it  may  be  convenient,  or  even  necessary,  to 
distinguish  between  mineral  and  organic  chemistry,  on  account  of  the 
great  preponderance  and  importance  of  the  compounds  of  carbon,  yet 
in  a  work  on  Chemical  Philosophy,  where  the  object  is  not  to  enumerate 
facts,  there  seems  to  be  no  good  reason  for  departing,  in  the  case  of  this 

*  The  student  should  very  carefully  review  Chap.  YIII.  in  this  connection. 
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amgle  element^  from  the  general  acheme,  or  tieating  it  moie  folly  than 
18  required  to  illnstzate  the  new  and  important  principles  which  it 
presents  to  our  notice.  Indeed^  in  an  elementaiy  work  no  other  couise 
is  possible,  since  a  meie  list  of  the  known  compounds  of  carbon  would 
fill  this  Tolume. 

The  chief  differences  between  oiganic  and  mineral  chemistry  arise 
from  the  different  methods  of  study  which  the  present  condition  of 
these  two  departments  of  chemical  science  necessarily  involves.  Min- 
eral substances,  as  a  rule,  present  well  marked  and  characteristic 
properties,  by  which  they  are  distinguished  from  each  other  entirely 
independently  of  their  chemical  composition  or  relations.  Galena, 
Feldspar,  Green  Vitriol,  Epsom  Salts,  are  individual  substances  familiar 
to  the  miner  or  the  druggist  by  their  physical  characters,  and  were 
known  under  these  trivial  names  long  before  men  discovered  of  what 
they  were  composed.  Their  external  characters  alone  may  be  objects  of 
study,  and  furnish  a  basis  for  classification.  So  true  is  this,that  many 
students  of  mineralogy  never  pass  beyond  this  point,  and  know  min- 
erals oidy  as  they  would  any  other  natural  objects.  Moreover,  when 
we  rise  to  a  higher  level,  and  look  upon  mineral  substances  as  chemical 
compounds,  the  most  general  knowledge  of  the  composition  gives  us  a 
basis  for  distinction.  If  we  learn  that  one  substance  is  plumbic  sul- 
phide, and  another  crystallised  ferrous  sulphate,  we  have  gained  all 
the  knowledge  which  is  at  present  necessary  either  to  identify  or  to 
define  these  substances,  and  this  kind  of  identification  or  definition 
is  rendered  the  more  easy  by  the  circumstance  that  the  compounds  of 
each  element  have  a  certain  fjEtmily  likeness,  and  that  most  of  the 
elementary  atoms  only  admit  of  the  simpler  types  of  combination* 
Indeed,  until  within  twenty-five  years,  chemists  generally  considered 
that  the  properties  and  relations  of  a  chemical  compound  were  wholly 
determined  by  the  nature  of  the  elementary  substances  of  which  it 
consisted,  and  when,  after  carefully  describing  a  substance,  they  had 
analyzed  and  determined  its  empirical  symbol,  they  considered  that 
they  had  learned  all  that  could  be  known  in  regard  to  it.  And  al- 
though through  an  extension  of  the  principles  developed  by  the  inves- 
tigation of  organic  compounds  we  have  gained  some  insight  into  the 
molecular  structure  of  mineral  products,  yet  this  knowledge  is  still  very 
imperfect,  and  wholly  subordinate  to  those  features  of  their  chemical 
history  we  have  just  described,  and  this  description  of  the  method  of 
Mineralogy  not  unfairly  represents  the  present  methods  of  '*  Inorganic 
Chemistry." 
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Passing  now  to  ''  Organic  Chemistiy,"  we  find  an  entire  change  of 
methods  and  modes  of  thought,  although  mineralogy  and  organic 
chemistry  are  simply  different  departments  of  one  science.  To  the 
organic  chemist  the  external  characters  of  the  bodies  he  studies  are  of 
secondary  importance.  They  are  for  the  most  part  colorless  liquids  or 
equally  colorless  solids.  The  chemist  carefully  determines  their  density, 
their  boiling  and  melting  points,  perhaps  also  their  crystalline  form, 
and  other  characters,  which  will  enable  him  to  recognize  the  substances 
when  he  meets  them  again ;  for,  as  a  rule,  these  compounds  are  so 
little  marked  that  the  recognition  of  the  products  of  a  reaction  is  often 
the  great  difficulty  in  the  whole  investigation.  But  such  characters  give 
a  very  small  basis  for  association  or  classification,  and  the  same  is  true 
of  the  composition.  The  ultimate  analysis  of  organic  compounds  is  as 
a  rule  easily  made,  and  the  empirical  formula  readily  established.  But 
when  there  may  be  several  distinct  substances  consisting  of  the  same 
elements  united  in  the  same  proportions,  a  knowledge  of  the  percentage 
composition  can,  obviously,  give  but  little  help  in  defining  them,  and 
it  was  the  study  of  such  isomeric  bodies  which  forced  the  chemists  to 
seek  a  new  basis  for  distinction,  and  this  basis  they  found  in  what  we 
now  call  molecular  structure  (Chap.  YIIL).  The  conception  that 
molecular  structure  is  a  chief  element  in  determining  the  properties 
and  relations  of  a  substance,  opened  a  new  field  of  investigation,  which 
has  been  cultivated  with  the  most  marked  success,  and  for  several 
years  this  has  been  the  great  point  of  interest  in  connection  with  or- 
ganic products.  It  so  far  engrosses  attention  that  these  compounds 
are  chiefiy  known  and  defined  on  this  basis.  An  aldehyde,  a  glycol, 
or  a  quinone  is  not  in  the  mind  of  the  chemist  so  much  a  body  having 
certain  general  characters  as  a  molecule  having  a  certain  structure. 
Hence  the  only  points  which  we  have  to  illustrate  in  connection  with 
the  compounds  we  are^now  to  study  is  the  molecular  structure,  and 
the  reactions  by  which  this  structure  is  made  evident,  and  the  plan  of 
this  book  will  enable  us  to  give  only  a  very  partial  outline  even  of  this 
special  feature  of  organic  chemistry. 

In  studying  this  subject  the  student  should  look  for  the  evidence  of 
molecular  structure  which  the  reactions  as  given  afford,  and  seek  to 
interpret  these  reactions  from  this  point  of  view.  He  must  constantly 
bear  in  mind,  however,  that  our  methods  of  representing  molecular 
structure  are  purely  conventional,  and  that  our  so-called  structural 
formula  are  simply  **  symbols  **  which  indicate  to  the  chemist  the  le- 
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actiona  of  which  a  given  substance  is  susceptible.  They  prefiguiey  as 
it  were,  these,  reactions^  and  thus  suggest  lelations  which  otherwise 
might  have  remained  unknown.  Based  in  the  first  place  on  a  partial 
knowledge  of  the  reactions  of  a  compound,  they  serve  to  generalize  that 
knowledge,  and  thus,  like  working  theories  in  other  sciences,  they  be- 
come guides  to  the  investigator.  The  danger  is  that  we  should  associ- 
ate with  them  an  objective  reality,  foigetting  that  the  only  thing  they 
even  symbolically  represent  are  the  reactions,  or  other  relations,  they 
are  known  to  typify  (compare  §  34).  For  this  reason  the  author  does 
not  attach  much  importance  to  the  precise  mode  of  writing  the  symbols, 
so  long  as  the  relations  to  be  represented  are  made  plain ;  and,  in  his 
view,  essentiaUy  different  formulie  are  equally  legitimate  if  both  indi- 
cate all  known  relations. 

The  linear  form  of  writing  graphic  symbols  adopted  in  this  book  has 
already  been  explained  (§  34).  It  saves  space  and  labor  in  printing, 
and  in  addition  it  appears  to  the  author  to  have  an  advant%e  from  the 
very  circumstance  that  the  student  cannot  draw  a  fedse  impression 
firom  symbols  so  obviously  conventional  In  extending  this  system  to 
the  more  complex  carbon  compounds,  the  common  usage  in  works  on 
organic  chemistry  may  at  times  be  violated.  This  will  be  conspicuously 
the  case  in  the  occasional  use  of  Ho  for  the  group  H-O-^  an  abbreviation 
which  at  times  greatly  helps  to  make  prominent  the  relations  of  the 
parts  of  the  linear  symbols,  especially  the  relations  of  the  hydroxyl 
group  to  the  univalent  atoms  which  it  replaces.  This,  however,  is 
with  the  author  a  mere  question  of  expression.  The  abbreviation 
means  the  same  as  the  full  symbol,  and  in  this,  as  in  all  other  cases, 
the  student  can  readily  develop  the  condensed  expression  into  the 
usual  expanded  graphic  form. 

454.  •  Carbon  Nuoleua.  — It  has  been  shown  (§  35)  that  the  atoms 
of  carbon  have  the  unique  power  of  combining  almost  indefinitely  with 
each  other,  and  may  thus  give  rise  to  nuclei  around  which  molecules 
of  very  great  complexity  can  be  constructed,  the  atoms  of  carbon 
locked  together,  like  so  many  vertebr»,  forming  the  framework  to 
which  the  other  atoms  are  fastened.  The  molecules  of  the  hydro- 
carbons, for  example,  are  formed  by  uniting  to  the  carbon  skeleton 
atoms  of  hydrogen. 

Obviously  we  may  arrange  the  carbon  atoms  of  the  nucleus  in  one 
of  two  general  ways :  either  in  an  open  chain,  Fig.  a,  or  in  a  closed 
chain.  Fig  6. 
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Vlg.  a. 
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These  are  two  distinct  types  of  stractnre,  which  deteimine  different 
chemical  relations.  Compounds  formed  after  the  first  type  belong  to 
what  we  may  call  the  Fat  Series,  and  those  formed  after  the  second 
type  to  the  Aromatic  Series.  We  will  study  these  two  types  of  struo- 
ture  separately,  beginning  with  the  open  chains. 

HYDROCARBONS    OF  THB   FAT  BERZBS,  AND   TBSZR 
DSRIVATIVXIB.  —  OPBN    CHAINS. 

455.  dJsaiflcation.  —  The  open  chain  may  be  either  simple  or 
forked.     Thus  with  five  atoms  of  carbon  we  may  have  either 

_     -0'-  -c- ^ 

'b-b-b-b-b;     -b-b-b-,     or    -6-6-6-;      [412] 


I     ( 


-0-  -c- 

I  I 

and  if  to  the  open  bonda  we  attach  atoms  of  hydrogen,  it  is  obvious 
that  we  shall  have  in  each  of  these  cases  G^ff^^  and  it  can  also  easily 
be  seen  that  with  any  number  of  carbon  atoms  united  by  single 
bonds  we  shall  obtain  a  hydrocarbon  conforming  to  the  general  symbol 
Cj^ff^^+^f  whether  the  chain  be  single  or  forked,  provided  only  that 
it  remains  open.  By  substituting  for  n  in  this  formula  successive  inte- 
gers, we  obtain  the  symbols  of  a  series  of  hydrocarbons  which  differ 
each  from  the  preceding  by  Cff^.  Compounds  so  related  are  said  to 
be  homologues,  and  such  a  series  is  called  an  homologous  series. 

In  the  symbols  [412]  the  carbon  atoms  are  united  by  single  bonds, 
and  this  is  the  smallest  number  of  bonds  by  which  the  atoms  of  the 
nucleus  can  be  held  together.  Evidently,  however,  a  larger  number 
of  bonds  may  be  so  occupied ;  as,  for  example,  in 

HHH  HHH  H 

H-C'C-C'H  H'b^bb'H  H'O^O'C'H       [413] 

III  I  I  ^      •* 

HHH  H  H 
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and  we  thus  obtain  a  series  of  hydrocarbons,  O^B^  ^s^r  ^fiv  ^bich 
differ  from  each  other  by  H^  Ck>mpoimds  so  related  are  said  to  be  uo- 
loguei.  Theoretically  such  a  series  might  be  extended  fnr  beyond  three 
terms  by  the  multiplication  of  bonds  between  other  pairs  of  carbon 
atoms^  but  only  a  few  corresponding  compounds  are  with  certainty 
known.  In  the  following  table  of  hydrocarbons  the  vertical  columns 
present  series  of  homolpgues^  and  the  horizontal  lines  series  of  isologues. 


ffffdroearboM. 

HnMam. 

OMIiMi. 

^M^^VV^  ^Vl^^^^b 

^•^••  +  f 

OAn 

CA,.^ 

Methane,  Off^ 

Unknown,   0  H^ 

Unknown,    0 

Ethane,     0^^ 

Ethene,*      (7^ 

Ethine,        G^^ 

Propane,    C^H 

Propene,      C^H^ 

Propine,      C^JT^ 

Butane,     C^-flJo 

Butene,       C^H^ 

Butine,        O^H^ 

Pentane,    O^ff^ 

Pentene,      Q-flJo 

Pentine,       C^H^ 

This  table,  however,  does  not  by  any  means,  represent  all  the  possi- 
bilities of  the  scheme.  In  the  paraffine  series  as  soon  as  the  number  of 
carbon  atoms  becomes  greater  than  three,  differences  may  result  from 
different  modes  of  grouping  the  atoms  of  the  carbon  nucleus.  Thus  in 
the  case  of  C^  two  different  modes  are  possible. 


C'0'0'0-       and 

I    I    I    I 


I    I    • 

-o-c-a- 

I     I      I 

-o- 


[414] 


When  the  number  of  carbon  atoms  becomes  five,  three  different 
modes  are  possible,  as  shown  by  [412] ;  and  as  the  number  of  carbon 
atoms  increases,  the  possible  forms  greatly  multiply.  Such  differences 
correspond  to  possible  isomers,  not  only  of  the  hydrocarbon,  but  also 
of  the  compounds  derived  firom  them  (compare  §  33). 

Isomeric  modifications  of  the  defines  and  acetylenes  may  arise,  not 
only  from  the  differences  just  described,  but  also  from  the  position  of 
the  double  bond  in  the  one  case,  and  the  treble  bond  in  the  other.  Thus, 


differs  from 


'b-d'ChO'i 


but 


'0^0-Or       does  not  diffiBr  from        O-OO ; 


*  The  aune  compoondB  tie  also  oalkd  eUylsiw,  jmipylMM^  eto. 
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and  the  student  must  carefully  bear  in  mind  that  our  symbols  are 
merely  conventional  modes  of  representing  molecular  structure,  and 
that  only  those  dififerences  of  form  in  the  symbols  have  significance 
which  indicate  a  difference  in  the  relative  position  of  the  parts  entirely 
independent  of  the  manner  in  which  this  may  be  represented  on  the 
page.  Indeed,  there  is  a  great  difference  of  practice  in  regard  to  the 
manner  of  writing  and  printing  structural  symbols  of  this  kind. 

456.  Paraflines.  —  Each  of  the  three  series  of  hydrocarbons,  classi- 
fied above,  is  marked  by  certain  characteristic  chemical  relations.  The 
paraffines  are  highly  indifferent  bodies,  and  this  property  corresponds 
to  the  fact  that  they  are  saturated  compounds.  As  the  atoms  are  all 
joined  by  single  bonds,  no  products  can  be  formed  from  these  bodies 
except  by  substitution  or  by  the  breaking  up  of  the  molecules.  The 
first  member  of  this  series  is  the  well-known  "  Marsh  Gas,"  a  constant 
product  of  the  decomposition  of  vegetable  tissue  under  water,  also  the 
chief  constituent  of  the  fire-damp  of  coal  mines,  and  of  common  illumi- 
nating-gas obtained  by  the  dry  distillation  of  coal.  Several  of  the 
successive  homologues  of  marsh  gas  may  be  prepared  by  various  re- 
actions, and  the  higher  members  of  the  series  are  constituents  of  the 
petroleums  of  commerce,  from  which  they  can  be  more  or  less  perfectly 
separated  by  fractional  distillation. 

457.  Olefines.  — The  olefines  are  not  saturated  compounds,  but  are 
capable  of  fixing  two  additional  univalent  atoms,  and  of  acting  as 
bivalent  radicals.  The  first  member  of  the  series  was  discovered  by  an 
association  of  Dutch  chemists  in  1795,  who,  noticing  its  characteristic 
property  of  combining  directly  with  chlorine,  called  it  Olefiant  (oil- 
making)  Gas,  because  the  product  of  this  union  is  a  thick-fiowing 
liquid.  This  product,  long  known  as  the  Oil  of  the  Dutch  chemists, 
is  ethylene  chloride,  OJfffil^.  Ethylene  bromide  and  ethylene  iodide 
may  be  formed  in  a  similar  way,  and  the  tendency  to  form  compounds 
of  this  type  distinguishes  this  class  of  hydrocarbons,  which  are  called, 
for  this  reason,  Olefines.  Moreover,  the  hydrogen  atoms  of  the  bivalent 
radical  may  all  be  replaced  by  chlorine  or  bromine,  and  the  resulting 
compound  still  retain  the  same  typical  character. 

Olefiant  gas  is  most  readily  obtained  by  heating  alcohol  with  several 
times  its  volume  of  strong  sulphuric  acid.  The  reaction  is  somewhat 
complicated,  but  the  result  is  a  dehydration  of  the  alcohol,  and  the 
same  effect  may  be  produced  with  zincic  chloride  (§  232). 

0^0  -  iiJO  =  Cja^.  [415] 
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defiant  gas  combines  directly,  not  only  with  chlorine,  bromine,  etc., 
bat  also  with  the  hydrogen  acids. 

C^^-^tEI^CJSJ.  [416] 

Horeoyer,  it  unites  with  hypochloroos  acid,  forming  a  chlorhydrine. 

Cfi^^-BOGl^ipfi^^Ho.a.  [417] 

Containing  twice  as  much  carbon  in  the  same  volume,  defiant  gas 
bums  with  a  more  luminous  flame  than  marsh  gas,  and  the  illuminating 
power  of  coal  gas  is  due  in  no  inconsiderable  measure  to  its  presence. 
Several  of  the  other  members  of  this  series  of  hydrocarbons  are  also 
found  in  the  products  of  the  dry  distillation  of  coaL 

458.  Acetylenes.  —  The  molecules  of  the  acetylenes  fall  short  of 
saturation  by  four  univalent  atoms,  and  are  therefore  quadrivalent. 
Ethine,  better  known  as  acetylene,  the  first  member  of  the  series,  is  a 
constant  product  of  the  incomplete  combustion  of  all  forms  of  hydro- 
carbon fuel,  and  can  be  obtained  abundantly  by  drawing  the  products 
of  combustion  of  a  Bunsen  lamp,  burning  at  the  base,  through  a  solu- 
tion otAgd  in  aqua  ammonia.  By  this  solution  the  acetylene  is 
absorbed,  and  the  compound  O^ff^AffjO  separates  out  in  the  form  of 
a  white  precipitate.  When  the  washed  and  still  moist  precipitate 
is  next  boiled  with  hydrochloric  acid,  acetylene  gas  is  evolved,  and 
chloride  of  silver  reproduced,  which  if  redissolved  in  ammonia  may 
be  used  over  and  over  for  the  same  purpose.  A  similar  compound, 
C^^Ou^O,  is  formed  by  passing  the  products  of  incomplete  com- 
bustion through  an  ammoniacal  solution  of  Cufil^*  This  cuprous 
compound  has  a  blood-red  color,  and  serves  as  a  very  delicate  test  of 
the  presence  of  acetylene;  and  the  formation  of  compounds  of  this 
type  is  a  very  characteristic  feature  of  this  series  of  hydrocarbons, 
which  contain  the  group  '0*0-, 

Acetylene  acts  as  a  bivalent  as  well  as  a  quadrivaljent  radical 
When  exposed  to  nascent  hydrogen,  each  molecule  takes  up  21^,  and 
it  changes  to  defiant  gas  (CfJI^),  It  unites  directly  with  bromine  to 
form  first  CiffiBr^f  and  afterwards  C%H^Br^,  It  unites  also  with  HBr 
to  form  either  G^H^Br  or  C^HJBr^.  These  reactions  can  be  easily 
reversed ;  and  since  ethylene  bromide  is  easily  prepared  from  defiant 
gas,  it  affords,  when  boiled  with  an  alcoholic  solution  of  potash,  an 
excellent  source  of  acetylene. 

C^^Br^'J^2KOH^2KBr  +  2H^O'\-(Sfli^  [418] 
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459.  Methods  of  Synthasls.  — In  all  deportmentB  of  the  science, 
and  especiall  J  in  oiganic  chemistiy,  the  piooesses  by  which  the  more 
complex  and  less  stable  products  are  fonned  from  those  which  are 
simpler  in  structure  and  more  permanent,  have  a  peculiar  interest.  As 
has  been  already  shown  (§  70),  there  is  in  eveiy  chemical  change  a 
tendency  to  those  products  whose  formation  will  determine  the  evolu- 
tion of  the  greatest  amount  of  heat,  and  we  can  reverse  this  tendency 
only  by  an  expenditure  of  energy.  On  the  surface  of  the  earth 
the  radiant  energy  of  the  sun  is  constantly  doing  work  of  this  sort, 
and  determining  the  formation  of  those  complex  products  which  are 
the  results  of  organic  life.  Such  products  represent  a  laige  amount  of 
latent  energy,  and  tend  to  fall  back  into  a  more  stable  state  when  the 
energy  reappears  as  heat.  Of  course  the  mode  of  action  by  which 
matter  is  thus  raised  to  a  higher  plane  is  a  subject  of  the  greatest 
interest,  and  this  interest  attaches  to  the  synthetical  methods  of 
organic  chemistiy  which  imitate  the  processes  of  nature.  With  these 
methods  recent  investigators  have  had  wonderful  success,  and  the 
artificial  production  of  such  substances  as  alizarine  and  indigotine 
must  be  regarded  as  among  the  greatest  achievements  of  modem  sci- 
ence. The  student  will  appreciate  the  wonderful  character  of  these 
results  if  he  reflects  that  to  build  up  a  complex  molecular  structure  in 
opposition  to  the  atomic  forces  is  the  equivalent  in  architecture  of  sup- 
porting a  roof  of  vaulted  masonry  in  opposition  to  the  force  of  gravita- 
tion, and  implies  a  similar  skill. 

Again,  the  chemist  finds  great  interest  in  synthetical  processes,  be- 
cause they  furnish  such  direct  indications  of  molecular  structure.  As 
we  thus  proceed  link  by  link  to  construct  complex  products  from 
simple  binary  compounds,  we  are  able  to  rivet  together  a  chain  of  evi- 
dence which  establishes  the  molecular  structure  of  these  compounds 
with  a  very  high  degree  of  certainty. 

For  these  reasons  we  shall  give  a  large  number  of  synthetical  re- 
actions in  the  following  pages ;  and  in  this  section  we  give  the  reactions 
by  which  the  synthesis  of  the  hydrocarbons  has  been  effected,  starting 
from  elementary  substances  or  simple  compounds  of  the  elements.  The 
student  should  seek  to  trace  the  chain  of  reasoning  from  the  first.  We 
obtain  [419]  by  passing  the  two  aeriform  factors  over  ignited  copper, 
and  [420]  when  a  powerful  electric  current  passes  between  carbon 
poles  in  an  atmosphere  of  hydrogen. 

1,-h  aiXIgS  +  4  Cu  =  4CuS  +  <9ID4.  [419] 
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<7,  +  ^  =  CJS^  [420] 

^Ciffi  +  Zi;  =  0^,.  [421] 


CJI.  +  HBr  =  CJJ.A'.  [422] 

Cy7,i5r  4-  ir,  =  Q^;  +  HBr.  [423] 

Bj  naaonit  Iqrdrogaa. 


OHJ[*^-Na^^QBJi^  CH^GH^-^^Nal.  [424] 

2  C7^/  +  (CZr,)^«  =  2  CJl,-CH^  +  ^»/,  [426] 

The  last  two  reactions  enable  us  to  form  from  lower  homologues 
paiaffines  of  a  higher  order,  and  then  we  can  conyert  a  paraffine  into 
an  olefine  thus  :  — 

Cfi^  +  KOH  ^XI+ff^O  +  CA-^  [426] 

Lastly,  having  combined  the  olefine  with  Br^  we  can  convert  it 
into  an  acetylene  by  [418]. 

DKIUTATITSS  FBOM  THK   HTDBO0ABBON8.  —  WITH  OPEN 

CHAINS. 

460.  Addition  ProdnotSy  formed  only  from  unsaturated  hydro- 
carbons, like  the  olefines  or  the  acetylenes.  One  molecule  of  the  hy- 
drocarbon always  unites  with  two  atoms  or  four  atoms  of  the  radical 
added ;  never  with  one  atom.  It  is  especially  the  atoms  of  the  chlorine 
group  of  elements,  or  their  hydrogen  acids,  which  may  be  thus  added. 

B/>  CH^  +-»•,  =  BtHXHJHJBt.  [427] 

nJ>  CBt  +  HBr  =  Ht  0-CH^Br.  [428] 

Ettiytaac  EOjlie  Bionlda. 

But  other  compounds  may  also  be  taken. 

H^OCH^  +  HOGl  =  Bi>,ff^C'CHtCL  [429] 

Compounds  thus  resulting  are  identical  with  the  corresponding  com- 
pounds formed  by  substitution,  as  shown  in  the  next  section. 

461.  Subatitution  Produots.  The  hydrogen  atoms  of  the  hydro- 
carbons may  be  replaced  by  various  radicals,  both  simple  and  compound, 
and,  even  when  not  thus  actually  formed,  we  can  best  classify  the  great 
variety  of  organic  products  on  the  basis  of  this  assumed  derivation. 

*  For  the  formation  Cff^,  etc.,  see  [480],  beyond, 
t  CfftA  under  the  same  conditions,  gives  methyl  alcohol,  CH^'O^H. 
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Sabdtltntion  of  Chlorine,  Bromine,  eto. 

SulMtitution  may  be  effected  by  the  direct  action  of  chlorine^  biominey 
or  iodine  (compare  §  30). 

OJJ^  +Ck  =  CJIfil  -h  BOl  [430] 

We  thus  obtain  compounds  of  the  haloids  with  the  radicals  methyl, 
ethyl,  etc.,  already  described  (S  35).  Such  compounds,  however,  are 
usually  made  by  the  action  of  the  haloid  acids  on  the  alcohols. 

CJI.OH^-  HBr  =  Ct^^Br  +  H^O, 

The  univalent  radicals  just  referred  to  are  frequently  called  alkyl 
radicals,  and  those  which  contain  more  than  two  atoms  of  carbon  may 
have  isomeric  forms ;  the  differences  between  which  depend,  not  only 
on  the  grouping  of  the  atoms  of  the  carbon  nucleus,  but  also  on  the 
position  of  the  open  bond.    Thus :  — 

Methyl,  CH^  No  isomers. 
Ethyl,  Ctffi  No  isomeis. 
Propyl,  C,//y    Two  isomers,  — 

OHfCHfCHi^  CH^'CH'OH^  [431] 

Butyl,  C^H^      Four  isomers,  — 
CH^-CHfCHi^CHi^  CHfCHfdlfaH^  [432] 

Noriaal  Fonn.  Sceondiify.Fa — 


Iw  Form.  TntUiy  Form. 

These  names  are  important,  and  will  reappear  in  the  various  com- 
pounds of  these  radicals.  By  adding  an  atom  of  chlorine  at  the  open 
bond,  we  obtain  in  each  case  the  symbols  of  the  chlorides  of  the 
several  isomeric  forms.  In  these  compounds  one  only  of  the  hydrogen 
atoms  of  the  hydrocarbon  molecule  has  been  replaced ;  but  by  con- 
tinuing the  action  of  the  halogen,  the  remaining  atoms  may  be  replaced 
either  wholly  or  in  part,  and  the  possibilities  of  isomerism  in  the 
resulting  products  become  an  interesting  subject  of  study.  Thus,  when 
two  atoms  of  hydrogen  have  been  replaced  by  chlorine,  we  have 
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CfHiOl^    No  iflomera. 
CH^Ol^    Two  iflomeiSy  — 

U^Udwi*  ChloridOL  BtfajlMMChlorida.  ^         -* 


O^H^  01^    Four  isomei%  -- 

OH^-CH^'GHOk  CHfCHOhCH^Ol 


[434] 


SQbstitatlon  of  Oxygen  Radioals. 
Beplacing  one  atom  of  hydipgen  by  Ho^  we  obtain  AlcohoU.    Thus, 

O^H.    gives     CJIrHo. 

Sfhjlie  AledhoL 

Beplacing  by  Ho  two  of  the  atoms  of  hydrogen,  which  are  not  united 
to  the  same  carbon  atom,  we  obtain  Glyads*    Thus, 

OBfOB^    gives    HoOH^HoOH^  [435] 

If  three  atoms  of  hydrogen,  united  to  three  distinct  carbon  atoms,  are 
each  replaced  by  Ho^  we  obtain  glycerines*    Thus, 

CHfOB^-GH^    gives    HoCHfHoCHHoCn^  [436] 

Compounds  with  Ho^^  Ho^  and  Ho^  in  place  of  a  corresponding  num- 
ber of  hydrogen  atoms,  have  been  recognized. 

If  we  replace  two  hydrogen  atoms  united  to  the  same  carbon  atom 
by  Hoy  the  contiguous  hydroxyl  groups  react  on  each  other.  A  mole- 
cule of  water  is  formed,  and  the  result  is  a  substitution  in  the  hydro- 
carbon of  oxygen.  If  this  substitution  takes  place  at  the  end  of  the 
chain,  the  product  is  an  Aldehyde;  if  in  the  middle  of  the  chain,  the 
product  is  a  Ketone, 

CK-CK    gives     CH.'CH,Ho^=  OKCOM -¥  H.O         [437] 

AkUhydc. 

CH^CHiCH^    gives     OHfCHofCH^^CH^CChCJ^^H^O    [438] 

Ketone 

If  we  replace  three  hydrogen  atoms  united  to  the  same  carbon  atoms 
by  Ho,  a  similar  action  results,  and  an  acid  is  formed  as 

CH^'C^Ho^  ^Hfi^  OH^'OO-Ho  =  Hfi  -h  CH^OOOH 
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Instead  of  regarding  the  classes  of  compounds  above  referred  to  as 
derived  from  the  hydrocarbons  by  substituting  Ho  for  H^  we  may 
view  them  as  derived  from  water,  BrO-Hy  by  replacing  one  of  the 
hydrogen  atoms  of  this  molecule  with  an  alkyl  radical ;  but  this  point 
has  already  been  fully  illustrated  (§41).  We  will  next  illustrate  the 
leading  characteristics  of  the  derived  compounds. 

Alcohols. 

462.  The  Three  Claaaas.  —  Three  classes  of  alcohols  are  distin- 
guished, which  are  called  primary^  Hoondary^  and  tertiary.  In  the 
primary  alcohols  Ho  is  associated  with  two  hydrogen  atoms  on  the 
same  carbon  atom  of  the  nucleus ;  in  the  secondary  alcohols  Ho  is 
associated  with  only  one  hydrogen  atom;  and  in  the  tertiary,  it  stands 
alone.  Hence  the  primary  alcohols  have  the  group  'CH^,Ho,  the 
secondary  alcohols  the  group  'OH^Ho,  the  tertiary  alcohols  the  group 
'OHo,  as  a  link  in  the  chain  of  carbon  atoms,  which  forms  the  skeleton 
of  the  molecule,  the  bonds  represented  as  free  in  these  groups  being  in 
all  cases  united  to  other  carbon  atoms  of  the  chain,  except  when  there 
is  only  one  carbon  atom. 

463.  Primary  Alcohols.  —  In  these  compounds  the  characteristic 
group  -C^-OZTmust  form  the  end  link  of  the  chain,  however  much 
the  chain  may  be  forked.    Thus, 

H  CfffO-H  OHfOHfCHfO-H 

CHfCH^OH  {CH^^'CHOHiO-H 

are  all  primary  alcohols.    They  can  be  made  from  the  corresponding 
hydrocarbons  by  the  following  reactions :  — 

C^fffBr  +  KOC^O  =  KBr  -h  C^HfO-C^ff^O.        [439] 

O^^OOJIfi  +  K-(yHz=^  K'O-CJIfi  +  OJI^OK     [440] 

CH^COH+H^  =  CH^-CHfChH  [441] 

Aldehyd*  and  KMOcnt  Hydrogen. 

C^^  +  HfSO^  =  C,^,,  H-SOt.  [442] 

Qteflast  Om  and  Snlphuile  Add. 

O^H^H'SO,  +  H,0  =  H^SO^  -h  C^rO-H.  [443] 

Prodnot  of  [44t]  dlatUkd  wtlh  water. 

When  oxidized,  the  primary  alcohols  give  first  an  aldehyde,  and  then 
an  acid,  and  this  reaction  is  a  distinguishing  character. 
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let  Stage,     CHiOHtO-H^- 0  =  CH^<IO-E-^  H^O.    [444] 
2d  Stage,      OH,-COH-\-  0  =  CHfCOO-H.  [445] 

464.  Beoondary  Aloohola. — These  ate  not  possible  with  leas  than 
three  atoms  of  carbon  in  the  molecule.     Examples  are 

{CH^\'CS^O-H  CH^C^H^H-O-H  [446] 

bopnpyl  AkoboL  SMondujr  Ba^  ikkobol. 

They  can  be  made  from  corresponding  iodides  or  sulphates  by  the  same 
reactions  as  primary  alcohols  [439,  440,  442,  and  443].  They  can  also 
be  prepared  from  ketones  by  the  action  of  nascent  hydrogen. 

(  OH^iGO  +  Zr,  =  {Cm,-C^H  [447] 

As  the  primary  alcohols  give  aldehydes,  so  the  secondary  alcohols 
give  ketones,  as  the  first  stage  of  their  oxidation. 


When  farther  oxidized  the  ketone  splits  up  and  yields  one  or  more 
products  whose  molecules  contain  a  less  number  of  carbon  atoms. 

IOHX'^00  +  30  =  CHfOO-0-H^  ^CO-O-H        [449] 

KBlonc  Aettie  Add.  Fonnlo  Aold. 

465.   Tertiary  Aloohola. — These  are  not  possible  with  less  than 
four  carbon  atoms  in  the  molecule.    For  example,  — 

(Off^^^aOB,    Tertiary  Butyl  Alcohol  [450] 

They  may  be  prepared  from  the  corresponding  iodides  or  sulphates  by 
reactions  [439,  440,  442,  and  443].  When  oxidized  they  split  up  at 
once  into  acids  with  a  less  number  of  carbon  atoms  in  the  molecule. 
Hence  the  three  classes  of  alcohols  are  distinguished  by  the  products 
they  yield  when  oxidized.  The  following  characteristics,  however,  are 
common  to  all  the  alcohols.  When  acted  on  by  the  haloid  add.  Ho 
is  replaced  by  (7/,  Br,  or  /. 

CRrffo  -h  HBr  =  Cff,Br  +  J7,0  [451] 

UObjl  Aleobol.  MMhjrl  Biomld*. 

When  HI  is  used  in  excess.  Bo  is  replaced  by  M. 

CHfH6-^2HI=:Cff^I'^EI+n^O=CB^  +  n^O  +  I^.  [452] 
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The  ffm  S-O-ffmsj  be  feplaoed  by  acid  mdicalB,  as  in 

OJIrO-NO^  CJI^O-GJSfi  [453] 

The  H  in  R-O-H  may  also  be  replaced  by  hydrocarbon  radicals,  either 
the  same  as  that  with  which  the  hydrozyl  is  combined,  or  a  different 
one;  as  in 

CJI^OOja^  OJJrO^CH,  [454] 

The  ^in  R-O-ffm&j  be  replaced  by  an  alkaline  metaL 

2  OMrOH-k- K.-2  CJIcO-K-^-  H^  [455] 

It  thns  appears  that  the  alcohols  act  both  as  acid  hydrates  towards 
the  alkaline  metals,  and  as  basic  hydrates  towards  the  acid  radicals. 
In  both  relations  they  manifest  a  weak  polarity,  and  their  more  char- 
acteristic feature  is  that  of  a  weak  base.  The  relations  of  the  alcohols 
and  ethers  to  metallic  hydrates  and  oxides  have  already  been  fully 
discussed  (§41). 

466.  Nomenolatnre.  —  The  numerous  complex  modifications  of 
structure  which  have  been  observed  among  the  alcohols  has  led  to  the 
general  adoption  of  a  peculiar  nomenclature  capable  of  designating  the 
difierent  varieties.  The  group  ^O-O-Hy  characteristic  of  all  alcohols, 
has  been  called  carbinol,  and  the  various  alcohols  are  called  different 
kinds  of  carbinol  according  to  the  nature  of  the  radicals  added  to  the 
group  to  complete  the  molecule,  not  designating,  however,  the  single 
atoms  of  hydrogen.  Thus  trimethyl  carbinol  ((7^)5=C7-0-i7is  a  ter- 
tiary alcohol;  ethyl  methyl  QArhmo\  CH^C^^yl^O-ChH,  is  a  second- 
ary alcohol ;  and  isobutyl  carbinol,  a  primary  alcohol,  may  be  written 
R,H^  0-  O-H,  in  which  R  stands  for  isobutyl  having  the  structure  given 
on  page  562. 

467.  nnsatnrated  Alcohols.  —  Alcohols  may  be  formed  by  substi- 
tuting Ho  for  H  in  the  molecules  of  the  unsaturated  hydrocarbons 
(§§  457  and  458),  and  the  product  has  the  relations  both  of  an  alcohol 
and  of  an  unsaturated  molecule.     A  good  example  is 

(CH^-OHyCHfOH,  AUyl  Alcohol 

468.  Glycols  and  Glyoerinea  illustrate  the  same  principles  as  the 
alcohols,  which  they  resemble  in  their  relations,  only  these  are  more 
complex.  The  glycols  contain  Ho^,  and  are  diatomic  compounds.  The 
glycerines  contain  Ho^,  and  are  triatomic  compounds  (§  43). 
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469.  Aldehydes  can  theoretieallj  be  made  by  leplacing  B^  on  the 
flame  carbon  atom  of  a  hydrocarbon  by  0  [437].  Practically  they  aie 
prepared  by  the  oxidation  of  the  primary  alcohols  [444],  and  form  an 
intermediate  stage  between  the  alcohol  and  the  conesponding  fai  acid. 
Acetic  aldehyde,  the  best  known  and  most  important  of  these  bodies, 
can  be  made  by  heating  together  a  mixture  of  calcic  acetate  and  calcic 
formiate. 


By  a  similar  reaction  other  aldehydes  may  be  formed.  The  aldehydes 
are  reducing  agents.    Compare  [445]. 

CH^'COH+  Ag^O  =  CH^OO-OH-k'  Ag^  [467] 

By  nascent  hydrogen  they  are  changed  to  alcohols  [441].  The  0  of 
an  aldehyde  molecule  can  be  replaced  by  (7^  as  in  ethylidene  chloride, 
CHfCCl^H.  The  aldehydes  tend  to ' '  polymerize,*'  as  in  (7^  0„  which 
is  obviously  a  polymeric  form  of  formyl  aldehyde,  GH^O.  They  also 
form  characteristic  addition  products. 

OB,'C^O,ff+  NH^  =  OHjrO-H,Ha,NH^.  [458] 

Alddgrda.  Aldebyd*  ' 


CH^-  COH-^  HON  =  CH^-  CH-Ho,  CN.  [459] 

CHiCOH^  HJfarO^'SO  =  {CH^'GHHo),Na^Oi^SO.      [460] 

Further  examples  of  addition  products  are 

CEs-C^iOO^X        and       CEfCffiO-Off^O)^    [461] 

Of  the  substitution  products  of  the  aldehydes  the  most  important  is 
chloral,  CCl^C^OjH,  from  which  by  the  addition  of  water  is  derived 
chloral  hydrate,  CCl^CH.Ho^ 

470.  Ketones.  —  The  relation  of  these  bodies  to  the  secondary 
alcohols  has  already  been  stated  (§  464).  The  most  important  of  the 
ketones  is  acetone  {OH^^OO,  and  the  presence  of  the  radical  'CO  con- 
nected by  both  its  bonds  with  alkyl  radicals  is  the  most  characteristic 
feature  of  their  molecular  structure.  Acetone  may  be  prepared  by  the 
dry  distillation  of  calcic  acetate. 

OarOr{COCH^\  =  Ca-O^-CO  +  (0^)^0.  [462] 
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Also  by  the  action  of  nnc  methyl  on  acetyl  chloride. 

2  CHfCO-Cl  +  Zn(CB^t  =  ZnCl^  +  2  CHfOOOH^      [463] 
The  relation  of  the  ketones  to  the  aldehydes  may  thus  be  shown  :  — 

CK-CO-H  CHiOOCH^  [464] 

When  on  oxidation  a  ketone  molecule  breaks  up,  the  carbon  atoms 
are  divided  between  the  two  acid  molecules  thus  formed  as  evenly 
as  possible. 

CHfCO-CtH^    gives    ^CH^-COOK 

CH^CO-C^Hj    gives     CH^COO-H   and     CJI^CO-OK 

By  partial  reduction  ketones  give  secondary  glycols  called  Pinakones, 
two  molecules  of  the  ketone  coalescing  to  form  the  molecule  of  the 
pinakone. 

2{CH;)^'C0^H^^{OH^)fCHo'OHcr{CH;^r  [465] 


Withdraw  from  the  pinakones  a  molecule  of  water,  and  we  obtain 
another  class  of  compounds  called  Finakolines^  which  are  simply 
ketones  of  a  higher  order. 

(CH^fCHtrCHc^CH^^  =  {CH^fChCO-OHj,  +  H^O.        [466] 

FiiukiOiM*  FliMkoltaMt 

Aoidi. 

471.  General  Relations.  —  The  chief  feature  in  the  structure  of 
an  acid  molecule  is  the  group  -C700-2r(carboxyl),  and,  as  has  been 
shown,  the  basicity  of  the  acid  depends  on  the  number  of  these  groups 
present  (§§  44  and  442).  Acids  may  be  formed  by  the  oxidation  of 
an  alcohol,  an  aldehyde,  or  a  ketone,  as  already  shown.  They  may 
also  be  produced  by  the  action  of  an  acid  or  an  alkali  on  a  nitrile 
(§  321). 

CHA)N  +2ff^0  =  CKGOHo  +  NK.  [467] 

Awloiiitflto. 

By  the  action  of  PCl^  (§  341)  the  Ho  in  carboxyl  can  be  replaced 
by  chlorine. 

CK-CO-Ho  +  POL  =  Cfl:-  00-01  +  POOL  +  HGl        [468] 

AM&eiteld.  AMtfl  ChloiidB. 
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Water  changes  the  chloride  hack  to  the  acid. 

CH^'COCl^HO'Hz=,  CH^C(yO-HJtHCl  [469] 

The  Ho  of  carboxyl  may  also  be  leplaced  by  NH^  (§  319). 
CHiO(yCl  +  -WBi  =  CH^'CONH,  +  HOI. 


The  ^of  carboxyl  is  very  readily  replaced  by  metallic  radicalsy  and 
thus  result  the  salts  whose  ready  production  is  the  chief  characteristic 
of  an  acid 

HO-(CO-CH^'{'NarO'Hz=:NarO'{CO-CH;)JfHO'H    [470] 


The  H  of  carboxyl  may  also  be  replaced  by  alkyl  radicals,  and  thus 
result  compound  ethers  [453]. 

NarO-iCOCH)  +  CLKCT  =  CfifOiCO-CH^  +  NaCl    [471] 

8odi0  Aeetafte.  EUiyUe  GhloridA.  BttajrUe  Aoetata. 

Cl'CO'OH^  +  CfifOH  =  0^fO-{00-CH^  +  HCL      [472] 

The  H  of  carboxyl  may  be  replaced  by  an  acid  radical,  and  thus 
result  acid  anhydrides  (§  42). 

NarOiOOCHij  +  {CHfOOyCl  =  {OHf  00)^0  +  NaCl.    [473] 

Lastly,  the  hydrogen  atoms  of  the  hydrocarbon  radical  may  be  re- 
placed as  in  the  chloracetic  acids  described  in  §  30. 

CUuMes  of  Adda. 

472.  Monobasio  Acids  contain  one  carboxyl  group.  The  most 
important  family  is  that  of  the  fat  acids,  which  makes  a  long  series 
corresponding  to  the  primary  alcohols  (§  41),  and  are  capable  of  the 
same  isomerism  as  the  alcohols.  The  formation  of  the  fat  acids  by 
the  oxidation  of  the  corresponding  alcohol  is  illustrated  by  [444  and 
445].  They  may  also  be  formed  from  the  cyanides  of  the  alcohol 
radicals,  and  the  method  is  interesting  as  indicating '  their  molecular 
structure. 

HON+  HCl+2HtO^  NHfil  +  HCO-Ho.  [474] 

Foimie  Add. 

Qff,  Cy  +  i?(7/  +  2  J%  p  =  NHfil  +  C^  CO-Ro.       [476] 

nopiOBlo  Add* 
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The  acid  may  be  converted  into  the  corresponding  alcohol  thus :  — 
l0ff,-C0)O-K+(IK0y(>K:=OK'O(>ir+Kj<)j>C0.    [4761 

Foturic  AceUta.  FMMile  Fomute.  Ald«hyd& 

CJL'  CChH^  IL  =  CJff  OK  [4771 

The  potassic  salt  of  the  acid  is  first  distilled  with  potassic  formate, 
and  the  aldehyde  thos  obtained  tiansfonned  into  alcohol  with  nascent 
hydrogen.  Starting  now  with  ethylic  i^cohol,  we  can  convert  it  into 
ethylic  cyanide  thus :  — 

0^fffO-H+  H^*O^SO^  =  jy,  C^,^0^-SO^  +  Hfi.        [478] 

and  then  by  [475]  we  can  produce  propionic  acid.  From  propionic 
acid,  by  [476  and  477],  we  can  obtain  propylic  alcohoL  Thus  we  aie 
able  to  pass  from  one  fat  acid  to  the  next,  and  from  one  alcohol  to  the 
next ;  and  since  formic  acid  can  be  made  directly  from  its  elements 
[381],  the  synthesis  of  this  whole  class  of  organic  compounds  is  theo- 
retically possible. 

Our  general  theory  that  the  molecules  of  the  monobasic  acids  con- 
sist of  carboxyl  united  to  the  alkyl  radicals,  is  confirmed  by  the  &ct 
that  sodic  acetate  may  be  formed  by  the  direct  union  of  CO^  with 
sodic  methide. 

{CH^'Na-^  CO^  =  CMfCO-O-Na.  [480] 

When  the  hydrocarbon  radical  of  an  acid  is  an  unsaturated  hydro- 
carbon, the  acid  has  the  relations  of  an  unsaturated  compound,  besides 
the  relations  of  an  acid.  Acrylic  acid,  C^JI^O^,  is  a  monobasic  acid  of 
this  class.  Under  the  influence  of  nascent  hydrogen,  acrylic  acid 
changes  into  propionic  acid,  and  when  acted  on  by  bromine  it  yields  a 
simple  derivative  of  the  same  compound. 

H-Ch{CO'CH-CH^)  4-  HH=.  BOiCO-CM,). 

▲erylleAeid.  Froidoide  Add.  [481 

Acrylic  acid  is  the  first  of  an  homologous  series,  the  members  of  which 
sustain  similar  relations,  but  only  a  few  of  them  have  been  investi- 
gated. 

473.  Dibasic  Aoida  contain  two  carboxyl  groups,  but  in  the  mole- 
cule of  carbonic  acid,  H-0-CO-O-H;  which  is  the  simplest  of  these 
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compound^  one  atom  of  oarbonyl  (CO)  ia  dirided  between  two  Ho 
groups,  and  the  polaiizing  power  of  this  radical  is  as  it  were  also 
divided.  The  relations  of  carbonic  acid  have  already  been  studied 
(§  440).  Its  amide,  CO^NH^^  is  the  important  animal  secretion 
Urea  or  Carbamide,  and  the  half-amide  or  amide  acid  H-0-GO-NH^^ 
called  Carbamic  acid»  forms  ethers  called  Urethanes,  for  example, 
O^H^O-CONH^,  The  relations  of  these  compounds  have  already 
been  described  (§  319). 

In  oxalic  acid,  which  has  also  been  described  (§  442),  we  find  the 
relations  of  a  dibasic  acid  folly  developed.  The  molecules  of  this  acid 
may  be  regarded  as  formed  by  the  union  of  two  carboxyl  groups,  and 
this  is  the  first  of  a  series  of  homologues  whose  relation  to  each  other 
and  to  the  monobasic  acid  is  exhibited  by  the  following  table :  — 

H-(y{  ooooyoH  HOi  oo-H) 

Oxali«  Add.  Fonnle  Add. 

E-O-lCO-CHt-OOyO-H  E-OiO(yGm     [482] 

Malonle  Add.  .teMIs  '  "     "        •■        ■■ 


Suedaie  Add.  Frapkmle  Add. 

In  these  compounds  isomerism  may  result  either  from  difference  of 
structure  in  the  hydrocarbons,  or  from  the  position  of  the  carboxyl 
groups.     Thus  we  may  have 

(H'CyCOyCH^-CHAOO-O-H)  CKCmGO-Chn).    [483] 

SnedBleAdd.  Itoraadiilo.'  "         ^        ^         -* 


The  anhydride  of  succinic  acid  has  the  symbol  C^^{  C0)^0, 

There  are  two  remarkable  isomeric  groups  of  uiucUurated  dibasic 
acids  formed  of  unsaturated  hydrocarbon  radicals,  like  the  unsaturated 
monobasic  acids  above ;  and  the  study  of  these  isomeric  bodies  has  a 
special  interest,  because  they  appear  to  indicate  that  the  atoms  of  car- 
bon may  be  at  times  bivalent.  The  first  group  consists  of  two  bodies, 
Fumaric  and  Maleic  acids,  both  of  which  have  the  empirical  symbol 
CJIfi^y  and  the  second  group  of  three  bodies,  Itaconic,  Citraconic, 
and  Mesaconic  acids,  all  of  which  have  the  empirical  symbol  CJI^O^^ 
and  are  therefore  the  homologues  of  the  first 

The  molecular  structure  usually  assigned  to  these  compounds  of  the 
first  group  is  shown  by  the  symbols 

S-O-aO-CIbCH-GO'ChH         BrO'OOCHi^ChOO-0'H    [484] 

Fiunarlc  Add.  Mdde  Add. 
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The  choice  of  Bymbols  for  famaric  and  maleic  acids  is  limited  by  the 
&ct  that  when  acted  on  by  nascent  hydrogen  they  both  give  succinic 
acid«  Forthermorey  both  acids  combine  directly  with  two  atoms  of 
bromine,  and  though  the  intermediate  products  of  this  union  are 
different,  yet  both  bromo-  and  isobromo-succinic  acids  yield  the  same 
succinic  acid  when  the  bromine  is  replaced  by  hydrogen.  The  second 
general  symbol  is  capable  of  no  less  than  eleven  yanations,  and  the 
structure  of  the  three  known  acids  cannot  with  certainty  be  det^mined 
in  all  its  details ;  but  it  seems  to  involve  the  same  feature  in  that  one 
of  the  carbon  atoms  of  the  nucleus  is  bivalent 

Malic  acid,  which  is  the  acid  principle  of  some  fruits,  differs  from 
Maleic  acid  only  by  one  molecule  of  water. 

474.  Trlbaaio  Aoid.  —  By  removing  one  molecule  of  water  from 
citric  acid,  the  well-known  acid  principle  of  the  lemon,  we  obtain  Aco- 
nitic  acid,  which  is  an  unsaturated  tribasic  acid,  and  has  (JfO-OO)^. 

475.  Alcohol  Acids.  —  It  has  already  been  shown  that,  while  the 
atomicity  of  an  oiganic  acid  depends  on  the  number  of  hydrozyl 
groups,  the  basicity  depends  on  the  number  of  carboxyl  groups,  so  that 
the  first  may  be  greater  than  the  last  Acids  whose  atomicity  is  thus 
greater  than  the  basicity  may  be  called  alcoholic  acids,  and  the  two 
classes  of  replaceable  hydrogen  atoms  are  distinguished  as  basic  and 
alcoholic  hydrogen  (compare  §  44). 

The  following  classes  of  alcohol  acids  may  be  noticed :  — 
1st  Diatomic  and  Monobasic     To  this  class  belongs  glycolic  add, 
H-O-OChCH^'O-H^  which  is  a  product  of  the  oxidation  of  glycoL 
Homologous  with  glycolic  acid  is  the  well-known  lactic  acid,  which  has 
two  isomeric  conditions  (compare  §  42). 

H-O-CO-CH^'Cff^'O-H  H-O-CO-HoCH'CK        [4861 

PuftlMtfc  Add.  LMttcAdd. 

Lactic  acid  prepared  from  milk  has  the  second  form,  and  still  a 
third  condition  of  this  acid  is  known,  having  apparently  the  same 
structure  as  the  last,  but  differing  in  physical  properties  (physical 
isomerism).  Acids  of  this  class  may  form  many  anhydrides,  either  by 
the  union  of  two  molecules,  or  by  the  replacement  of  the  two  hydroxyl 
groups  of  one  molecule  by  an  atom  of  oxygen,  which  thus  forms  an 
additional  link  between  two  parts  of  this  molecule.     Thus, 


{477.1  SUBSTITOTIOII  OF  SULPHUB  BADICAL&  573 


0. 
H-0-CO-HoOH^OH,  -H^0=  OC-CH^OH^  [486] 


♦       \ 


2d  Triatomic  and  Dibasic.    Examples  of  such  aie 

Tartronic  Acid,         iF  O  CO- Ho  CH-  CO-  OH 
Malic  Acid,  H  O  CO- Ho  CH  CHf  CO-  0-H 


[487] 


3d.  Tetratomic  and  Dibasic.     The  best  known  example  is 

Tartaric  Acid,        H^O-CO-HoCHHoCHCO-O-H       [489] 

The  lemarkable  physical  isomerism  of  this  substance  has  already  been 
described  (§  116),  and  in  §  44  we  have  given  the  symbols  of  the 
salts  of  tartaric  acid  which  best  iUustiate  the  relations  of  its  basicity  to 
its  atomicity. 

4th.  Tetratomic  and  Tribasic.     Here  belongs 

Citric  Acid,  H'0<IO<!H^'{H'0-C'CO'0-H)<lHiCO'0'H    [490] 

476.  Aldehyde  and  Ketone  Aoids. — These  exhibit  a  peculiar 
type  of  structure,  in  which  atoms  of  hydrogen  or  of  alkyl  radicals  are 
directly  united  to  carbonyl,  as  in  the  molecules  of  the  ketones  and 
aldehydes.    As  examples  we  may  dte 

CH^-CO-CO-O-H  CH^'CO'CH'CO-0-C.H     [491] 

Compare  pyruvic  acid  with  oxalic  add,  and  the  acid  of  the  com- 
pound ether  with  malonic  add  [482]. 

Snbetitation  of  Sulphur  Radicale. 

477.  Sulphur  Compounds.  —  These  compounds  correspond  very 
dosely  to  the  oxygen  compounds  we  have  just  studied,  as  is  shown 
by  the  following  table,  in  which  the  names  and  symbols  of  the  two 
classes  are  side  by  side. 

Methyl  Alcohol,  CH^-O-H  Methyl  Mercaptan,  CHfS'H 

Acetic  Aldehyde,  CHfCO-H  Sulphaldehyde,  CH^CS-H 

Acetic  Add,  CHfCO-0-H  Thiacetic  Acid,  CHfCO-S-H 

Methyl  Ether,  CHfO-CHs  Methyl  Sulphide,  CH^S^CH^. 

Certain  differences,  however,  are  to  be  noted.  Ist  The  ^lercaptans 
are  more  acid  than  the  alcohols.    Thus^ 
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2  CHfS'H^-  HgO  =  {CH^i'S^-Hg  +  H^O.  [492] 

2d.  Theze  is  a  tendency  to  form  polysulphides  (§  175). 

2  C.H,'S-Na  +  /,  =  (C^^^  +  2iPa/.  [493] 

3d.  The  sulphur  can  be  oxidized,  when  a  class  of  products  results  called 
sulpho-acids.  These  compounds  may  be  better  classified  as  formed 
from  the  hydrocarbons  by  the  substitution  of  the  radical  SO^O-H  for 
one  or  more  hydrogen  atoms.     Thus  may  be  derived 

CKrSO,'0-H  CHASOiO-H)^  CBiSO^OH)^ 

UM»j\  Snlpho-Mld.  MattiylliM  Diralpho-Mid.  McChlM  Titeulpho-MU. 

OH  J  +  K^SO^  =  K'O-aOiGH^  +  KI.  [494] 

Compare  §§178  and  182. 

So,  also,  the  group  -SO-O-ffmAj  be  substituted. 

Snbatltntion  of  Nitrogen  Radloala. 

478.  Amines,  Amides,  Zmides,  Kitriles,  may  be*  regarded   as 

derived  by  replacing  one  or  more  hydrogen  atoms  of  one  or  more 

I         n         m 
molecules  of  a  hydrocarbon  by  the  radicals  NH^^  NH,  or  N-,  but  they 

may  also,  and  to  a  greater  advantage,  be  studied  as  related  to  the 

molecule  NIT^^  and  as  formed  from  it  by  replacing  one  or  more  of 

the  hydrogen  atoms  of  a  single  or  of  several  molecules  of  ammonia  by 

various  hydrocarbon  radicals.     From  this  point  of  view  they  have 

already  been  studied  in  as  great  detail  as  is  possible  in  this  work,  and 

the  student  is  advised  to  review  in  this  connection  §§  317  to  327,  in 

order  to  include  these  compounds  in  the  general  scheme  which  we 

have  adopted  for  classifying  organic  products. 

479.  Cyanogen,  the  Cyanides,  the  Cyanates,  ete.,  may,  in  a 
similar  way,  be  regarded  as  formed  by  the  substitution  of  atoms  of 
nitrogen,  acting  either  as  trivalent  or  quinquivalent  radicals  for  a 
corresponding  number  of  atoms  of  hydrogen ;  but  these  products  are 
best  studied  as  compounds  of  the  well-marked  and  highly  character- 
istic radical  cyanogen.  From  this  point  of  view  the  more  important 
of  them  have  already  been  described,  and  a  review  of  §§  444  to  461 
will  enable  the  student  to  assign  them  their  proper  place  in  the  pres- 
ent scheme.     We  add  here  a  few  reactions  which  indicate  the  exist- 
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enoe  of  two  different  iadical8>  in  one  of  which  nitrogen  is  trivalent 
and  in  the  other  quinqnivalent,  that  is,  -OJTand  (XN\ 

ECN+  CB^^K'O^'SO^  =  K^-O^'SO^  +  CH^OIf.        [495] 

BoU»«t88». 

CBfON-^-  2  H^O  =  CH.GO-0-H+  NH,.  [496] 

ifftV^  Add* 

Compan  irith  tbeee 

A9CN+  CHJ  =  Agl+  CB.-NMC.  [497] 

BolbatTI** 

CBi^NsC  +  2  J7,0  =  CHs^Nm  +  H^CO-OK  [498] 

In  methylamine  the  methyl  group  is  nndouhtedly  attached  to  a 
nitrogen  atom,  while  in  acetic  acid  it  is  as  undouhtedly  united  to 
a  carbon  atom.  Hence,  reasoning  back,  we  conclude  that  the  same 
relations  must  obtain  in  the  two  itomeric  products  of  [497]  and  [495], 
and,  if  so,  the  above  conclusion  in  regard  to  the  two  modifications  of 
cyanogen  at  once  follows.  Hence,  there  must  be  two  modifications 
of  hydrocyanic  acid,  namely,  JEH^If  and  H-N^^  and  the  two  appear 
to  be  mixed  in  the  common  acid.  A  similar  isomerism  appears  in  the 
cyanates  and  sulphocyanates.  We  have  already  described  the  potassic 
cyanates  and  sulphocyanates  (§§  451  and  452) ;  but  the  most  interest- 
ing compounds  of  this  class  are  those  of  the  alkyl  radicals,  the  ethers 
so  called,  and  the  investigation  of  the  many  wonderful  transformations 
of  which  these  bodies  are  susceptible  was  one  of  the  most  important 
steps  in  the  progress  of  organic  chemistry. 

From  potassic  cyanate,  prepared  by  [409],  we  obtain  isocyanic  ether 
by  the  following  reaction :  — 

KOCN  +  K,CJS^'0^'SO^  =  KfO^'SO^  +  { C^H,)OCN.    [499] 

aiiWItd  >o««>hM.  »  iMtjnuil.  Jttk«r. 


Compaie  now 

HOCN  +2K0-H=  Kf  0/C  0  +  n,H,»N.  [600] 

{CtB,)0CN-k-2K-0-H=  Kt'OfCO  + H,H,C^,^N.    [601] 

BhThinilii. 

Soaleo 

(c^,) ocar+  2  jr-o-(vy,  =  KfOfCO + (C,ff^fir.  [502] 

CA0C2f+  IfO<Jtff»0 sr  H,0.ff.,CAO>N+  CO,.    [603] 

iwMi  IfiW  tthjlMMUildi. 
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On  the  other  hand,  hy  acting  on  sodic  ethylate  with  chloride  of 
cyanogen,  we  obtain  an  isomer  of  iaocjanic  ether^  which  aostaina  Terj 
different  relations, 

NaOC^^  +  CNCl  =  NaCl  +  (C^,)  OCIT, 
and  then, 

Cyanle  JBth«r. 

When  now  we  analyse  these  reactions,  it  is  qnite  evident  that  the 
two  isomers  have  the  structure  indicated  by  the  following  symbols :  — 

OC'N'CJff^  IK!' 0-0 ^H^ 

Ifoeyanio  Jabm.  Qranio  Ethw. 

Although  in  these  symbols  no  difference  appears  in  the  quanti- 
valence  of  N,  yet  it  will  be  noticed  that  the  associations  of  the  alkyl 
radical  differs  in  these  two  bodies  as  in  [495]  and  [497].  Moreover, 
it  will  be  noticed  that  isocyauic  ether  is  an  amide,  and  all  the  reactions 
[500  to  503]  become  intelligible  from  this  point  of  view. 

A  similar  relation  to  that  just  described  we  find  between  the  sulpha- 
cyanic  ethers  and  the  so-called  mustard  oils.    Thus, 

S<!'N-O^K  N<f'S<f^ff.  [504] 

JEtfayl  Moftafd  (HL  Xtt^l  Su]plioe9«iM&. 

The  natural  mustard  oil  is  a  similar  compound,  containing  the 
unsaturated  radical  allyl,  0^^, 

SON-iOKrOBOH^  [505] 

Lastly,  we  add  the  following  symbols,  as  examples  of  very  com- 
plex structures  which  may  be  built  up  from  carbon  and  nitrogen 

atoms: —  • 

Ho 


0 


Cyanuric  Acid,    O^^OJS^     or  N  0  -  Hn 

♦        ♦ 

0     N 
Ho' 

Dicyandiamide,  NHO{NH\<l-NH 

Ouanidine,  NH'OiNH^^ 
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Raplaoementi  by  NO^. 

Compounds  of  this  uniyalent  group  have  been  made  by  the  general 
leaction 

CBa  +  AgNOt  =  CH^O^  +  Agl;  [606] 

but  such  compounds  are  as  yet  of  little  importance  in  the  £&t  series. 

Raplaoaments  by  MetaU. 

480.  Metailio  Compounds.  —  Here  belong  the  yarious  compounds 
of  the  metals  with  hydrocarbon  radicals,  which  have  already  been 
described  under  their  respective  divisions. 

HYDROCARBONS   OF   THB   AROMATIC  BBRZSS,  AND 
THEIR   DSRIVATIVIIS.— diOBED  CHAINS. 

481.  Bansol.  — This  well-known  hydrocarbon,  which  is  the  basis 
of  a  large  class  of  compounds,  is  one  of  the  chief  products  of  the 
distillation  of  coal  tar.  We  have  no  certain  evidence  in  regard  to  its 
molecular  structure,  and  differences  of  opinion  are  entertained,  but  the 
remarkable  relations  of  the  compound  are  so  well  explained  by  the 
hypothesis  of  Kekul^,  according  to  which  the  carbon  atoms  are 
arranged  as  represented  by  the  accompanying  diagram,  that  we  shall 

H 

a '      a 

[507] 
H        C        H 


adopt  this  theory  as  the  best  mode  of  classifying  the  &cts,  without, 
however,  regarding  it  as  anything  more  than  the  conventional  form 
of  a  Vorking  hypothesis.  When,  therefore,  in  this  connection,  we 
write  Cf,  it  must  be  assumed  that  the  carbon  atoms  are  grouped  as 
indicated. 

By  substituting  for  H  in  benzol  different  hydrocarbon  radicals,  we 
obtain  a  series  of  homologues  of  benzol,  some  of  which  are  associated 
with  it  in  the  products  of  the  distillation  of  coal  tar.    The  second 
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member  of  this  homologous  series,  Cfff^^  is  called  toluol,  and  is  simplj 
methylbenzol,  or  C^fffOff^.  Of  course,  the  radical  can  be  attached 
to  any  one  of  the  carbon  atoms,  bnt^  according  to  the  principle  already 
stated  (§  455),  this  variation  would  determine  no  real  difference  of 
structure,  although  it  might  make  an  apparent  difference  on  our  con- 
ventional diagram.    The  second  member  of  the  series,  C^H^^  may  be 

either 

or 


^rf2ff^«)« 


The  first  of  these  bodies,  like  methylbemrol,  sBdmits  of  no  isomerism ; 
but  the  second,  which  is  usually  called  xylol,  gives  three  isomers, 
according  to  the  relative  position  of  the  two  radicals  on  the  hexagon. 


(7J% 


Orflio-acyloL 


[608] 


FanfiyloL 


Whenever  two  only  of  the  l^ydrogen  atoms  of  benzol  are  replaced,  the 
same  nomenclature  is  used,  and  the  isomeiB  are  called  crtho  when  the 
radicals  are  on  adjacent  links,  meia  when  on  alternate  linkS)  pwra 
when  on  opposite  links. 

It  is  obvious  that  the  carbon  atoms  of  the  hydrocarbon  radical 
form  an  accessory  chain  to  the  main  group,  and  this  subordinate  chain 
is  called  a  side  chain.  The  side  chain  may  be  either  a  saturated  alkyl 
radical,  as  in  toluol  or  xylol,  or  it  may  be  an  unsaturated  radical,  as 
in  styrol,  C^HfC^H^^  or  even  it  may  be  another  aromatic  group,  as  in 
diphenyl,  C,H,-C,H,. 

The  synthesis  of  benzol  has  been  accomplished  by  passing  acetylene 
through  a  heated  porcelain  tube. 


3(7,^5  =  (V^. 


[.509] 


And  fh)m  benzol  we  can  pass  to  the  higher  hydrocarbons  of  the 
aromatic  series  by  what  is  known  as  Fittig's  reaction. 

CJS^Br  +  ira..+  CEJ^  CJS^CH^  +  NoBr  +  NaL      [510] 
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DBRIYATIT1E8  IBOIE  THX  HTDBOCASBOHS.— WITH  OliOeaBD 

OHAIKS. 

482.  Addition  Arodnotik  — Since  in  the  hexagonal  xing  of  benzol 
there  are  thiee  double  bonds,  we  shonld  infer  that  the  molecule  was 
nnsatmated,  and  capable  of  uniting  with  six  additional  aniyalent  atoms 
or  radicals.  But  although  such  addition  products  are  known,  they  are 
obtained  with  far  less  readiness  than  in  the  case  of  the  olefines  or 
acetylenes,  and  this  circumstance  has  led  to  a  question  in  regard  to  the 
hypothesis  which  requires  us  to  assume  their  existence.  Addition 
products  may  also  result  from  additions  to  side  chains  when  un- 
saturated. 

Babstitixtion  Pzodnots. 

483.  SnbatittitionB  of  Chlorine,  Bromine,  or  Iodine.  —  Such  sub- 
stitutions are  readily  produced  by  the  direct  action  of  the  haloid  ele- 
ments, thus, 

0^^-\-Br^  =  C^,Br^^HBr;  [511] 


and  by  continuing  the  action,  successive  atoms  of  hydrogen  can  be 
replaced  in  a  similar  way.  With  one  atom  of  hydrogen  replaced  there 
can  be  no  isomers ;  with  two  atoms  replaced,  there  can  be  three  iso- 
mers, as  shown  in  §  481.  With  three  replaced,  there  can  be  also  three 
isomers,  for  if  we  number  the  six  carbon  atoms  of  the  ring  from  one 
to  six,  we  shall  have  three  different  relationB  according  as  we  replace 
1,2,3,  1,2,4,  or  1,3,5;  and  these  are  the  only  essentially  different 
combinations  which  we  can  make. 

With  the  higher  hydrocarbons  of  the  aromatic  series,  which  have 
side  chains,  we  may  replace  either  the  hydrogen  atoms  of  the  ring  or 
those  of  the  side  chains,  and  the  first  are  more  readily  replaced  than 
the  last  According  to  Beilstein's  law,  chlorine  or  bromine  atoms,  as 
a  general  rule,  go  into  the  ring  in  the  cold,  especially  in  the  presence 
of  iodine,  but  not  into  the  side  chain  except  at  temperatures  above 
110^ 

The  two  different  associations  which  an  atom  of  a  halogen  may 
have  in  such  a  hydrocarbon  increases  the  number  of  possible  isomeric 
forms.  Thus,  there  may  be  four  isomers  of  benzylchloride,  CjHfilj 
one  with  the  chlorine  atom  in  the  side  chain,  thus,  CJS{CH^Ciy  and 
three  with  the  chlorine  atom  in  the  ring.  When  in  the  last  association, 
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the  chlorine  atom  and  the  radical  CH^  may  have  the  three  different 
relative  positions  on  the  ring  shown  in  §  481.  Beplacements  in  the 
side  chains  follow  the  same  laws  as  in  the  fat  series.  Such  replace- 
ments, like  those  on  open  chains,  can  be  easily  dislodged,  while 
radicals  on  the  ring  can  be  removed  only  with  great  difficulty,  as 
by  the  action  of  metallic  sodium  or  fusing  with  caustic  aJkalL  Com- 
pare [510], 

The  following  reactions  will  help  to  elucidate  the  principles  we  are 
discussing. 

CJIrCH^  -i-  J5r,  =  C^Hfir-OH^  -h  HBr.  [512] 

In  this  reaction  the  bromine  atom  has  replaced  an  atom  of  hydrogen 
on  the  ring.  On  this  ring  are  now  two  radicals,  namely,  Br  and  CH^^ 
and  they  must  have  relatively  to  each  other  one  of  the  three  positions 
shown  in  §  481.  The  product  is  in  &ct  a  mixture  of  ortho-  and  para- 
bromtoluol.  In  these  isomers  the  radicals  are  in  the  relative  positions 
most  readily  assumed.  In  order  to  obtain  the  intermediate  position 
of  metabromtoluol  we  must  first  occupy  the  para  position  with  an 
amide,  and  then  the  bromine  will  replace  the  hydrogen  atom  nearest 
to  the  amide  radical,  thus :  — 


Offi 


ArHBr    [613] 


If  now  we  replace  the  amide  by  hydrogen,  we  have  the  isomer  required* 


Bubstltntlont  of  Hydrozyl  or  Oxygen. 

484.  Phenols.  —  If  we  replace  one  hydrogen  atom  of  benzol  by 
Ho,  we  obtain  Phenol,  C^HfO-H,  a  compound  which  is  more  familiarly 
known  as  Carbolic  Acid,  and  whose  structure  admits  of  no  isomerism. 
If,  however,  we  replace  two  hydrogen  atoms  by  Ho,  the  product, 
C^H^Ho^j  is  capable  of  three  isomeric  modifications,  according  to  the 
relative  position  of  the  hydrozyl  groups  on  the  ring  (§  481). 
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The  ortho  form  ib  called  Pyrocatechin. 
The  meta  foxin  U  called  EesoiciiL 
The  pata  form  is  called  HydrochinozL 

The  general  term  Phenols  applies  to  all  sach  compounds  whose  mole- 
cules have  J36  united  to  the  ring.  In  their  structure  they  are  allied 
to  the  tertiary  alcohols,  but  they  have  the  qualities  of  weak  acids. 

485.  Alcohols.  —  It  is  obvious  that  with  toluol,  or  any  other  homo- 
logue  of  benzol,  we  may  replace  a  hydrogen  atom  of  the  side  chain  by 
Ho,  and  that  then  we  must  have  the  complete  structure  of  an  alcohol. 
Thus  C^fCff^  gives  C^B^CBfChH,  benzoic  alcohol  If  now  the  ifo 
is  transferred  from  the  side  chain  to  the  ring,  we  shall  have  a  phenol 
isomeric  with  the  alcohol,  which  is  itself  capable  of  three  modifications, 
according  to  the  relative  position  of  the  Ho  and  CB^,  These  isomeric 
bodies  are  called,  according  to  the  rules  given  in  §  481,  orthocresol, 
metacresol,  paracresoL  The  alcohol  gives  an  aldehyde  and  an  acid,  as 
in  the  &t  series,  thus :  — 

O^HfCm-O-ff  0,fffCO-IT  CJSfCOO-H 

fianaole  Afeoholi  Benaole  Aldehjd*,  qr  Maaoie  Add. 

Ott  of  Bitter  iliBOBda. 

So  also  we  have  homologues  with  the  above :  — 

CJB^^CH^-CyH  C^yrCO-H  C^.^COO-H 

OuBjUe  AleohoL  Cnalaie  Aldelijda.  Cnaaiiile  Add. 

486.  Aoids.  —  These  are  formed,  as  in  the  fat  series,  by  substitut- 
ing 'CO'O'H  for  an  atom  of  hydrogen  of  the  hydrocarbon  molecule ; 
but  with  aromatic  hydrocarbons  the  substitution  may  take  place  either 
in  the  ring  or  in  the  side  chain.  Of  acids  derived  by  substitution  in  the 
ring,  the  most  important  and  the  simplest  is  benzoic  acid,  whose  sym- 
bol has  just  been  given.  This  body,  formerly  exclusively  obtained  by 
sublimation  from  gum  benzoin,  is  now  more  frequently  procured  from 
hippuric  acid,  which  is  found  abundantly  in  the  urine  of  herbivorous 
animals.  When  hippuric  acid  is  boiled  with  hydrochloric  acid,  the 
radical  CjH^O  in  this  amide  changes  place  with  H  of  H-O-H^  and  the 
products  are  glycocol  and  benzoic  acid  (§  319). 

If  one  of  the  hydrogen  atoms  in  the  ring  of  toluol,  C^H^OH^,  is 
replaced  by  -CO'O'H^  the  product  will  differ  according  to  the  relative 
position  of  the  radicals  methyl  and  carboxyl  [508],  and  thus  of  toluylic 
acid,  OH^Cfi^OO-O-H^  there  are  three  isomers.    Still  a  fourth  isomer 
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may  lesult  by  replacing  a  hydrogen  atom  of  the  side  chain  instead  of 
the  ring.     Thus  we  derive  alphatoluylio  acid^  C^BfOBfOO-O-ff. 

It  is  evident  that  through  the  side  chains  of  the  aromatic  compounds 
relations  of  structure  may  be  established  similar  to  those  in  the  fiett 
series,  and  hence  we  might  expect  similar  classes  of  acids.  If  the  side 
chain  is  unsaturated,  the  product  is  an  unsatmated  acid,  and  an  excel- 
lent example  of  such  a  compound  is 

Cinnamic  Add,         C^HfCff'CBC  0-  0-H, 

which  differs  from  acrylic  acid  [481]  only  in  having  the  radical  C^H^ 
instead  of  H  at  the  end  of  an  otherwise  open  chain. 

We  may  also  have  among  the  acids  of  the  aromatic  series  the  same 
distinctions  between  atomicity  and  basicity  as  in  the  fat  series  (§  475). 
As  before,  the  basicity  depends  on  the  number  of  carboxyl  groups, 
-OO'Ho,  while  the  atomicity  is  determined  by  the  total  number  of 
hydroxyl  groups.  The  following  is  an  interesting  isomeric  group  of 
monobasic  but  diatomic  acids : — 


Salicylic  Acid, 
Metaoxibenzoio  Acid, 
Paraoxibenzoic  Acid, 


The  ortho  form  of  H-OO^H^'COOH. 
The  meta  form  of  H-Q-C^H^CO-OK 
The  para  form  of  IfOC^H^COO-K 


Lastly,  we  may  mention  a  most  remarkable  series  of  acids,  which 
may  be  regarded  as  formed  by  replacing  successively  all  the  hydrogen 
atoms  of  benzol  by  carboxyl,  and  which  therefore  present  every  grada- 
tion from  monobasic  to  hexabasic 


Benzol, 
Benzoic  Acid, 
Terephthftlic  Add, 
Trimeltitie  Acid, 
PyromelUtio  Acid* 

MeUitic  Acid, 


Isophthslic  Acid,     PhtbaUc  Add, 
Trimesic  Acid,         Hemimellitic  Add, 
Prehnitio  Add,        Hdlophanic  Add, 


C^  Ti  {CO- 


Off) 

0'ff\ 

O'H)^ 

O'E)^ 

O'E)^ 

O'E)^ 


The  three  isomeric  forms  which  are  given  above  obviously  result 
from  a  variation  of  the  relative  position  of  the  ca.rboxyl  groups  on  the 
benzol  ring. 

487.  Ketones.  —  As  examples  of  compounds  in  the  aromatic  series 
corresponding  to  the  ketones  of  the  fat  series  we  have 

Benzophenone,  C^H^OOCfy        Acetophenone^   C^HfCO-CH^ 


§  490.]  [^STITtnON  OF  «I7lLPHm  BADI0AL8.  583 

488.  QuiiMMieti  are  a  ehsB  of  eomponndi  peculiar  to  the  aromatic 
aeries.  They  aie  formed  hy  the  oxidation  of  aromatic  bodies,  and 
are  supposed  to  contain  the  radical  "[Os]>  directly  united  by  both 
bonds  with  the  bemsol  ring.  Quinone,  ^s^'COJ,  a  Yolatile  solid 
originally  obtained  by  the  oxidation  of  quinic  acid  found  in  cinchona 
bark,  is  the  simplest  of  these  bodies.  When  acted  on  by  Hl^  a  strong 
reducing  agents  quinone  yields  hydroquinone,  O^H*Ho^^  and  the  fact 
that  0^  is  thus  replaced  by  Ho^  seems  to  indicate  that  the  oxygen 
atoms  were  united  to  the  benzol  ring  by  two,  and  not  by  all  four,  of 
their  bonds,  and  hence  that  they  must  be  united  with  each  other  as 
we  have  assumed  As  hydroquinone  has  two  radicals  united  to  the 
benzol  ring,  it  must  be  one  of  three  possible  isomers  (§  481);  and 
if  we  can  distinguish  whether  it  is  an  oitho,  meta,  or  para  compound, 
we  can  determine  tiie  points  of  attachment  of  the  oxygen  radical  As 
it  proyes  to  be  a  para  oompound,  it  follows  that  the  oxygen  bonds  are 
united  at  opposite  sides  of  the  ring. 

:  Bubatttntlon  of  Bulphnr  Hadioala. 

489.  Bulphnr  Compounds  may  be  formed  in  the  aromatic  series,  as 
in  the  fat  series,  after  the  same  types  as  the  oxygen  compounds ;  but 
the  most  important  compounds  of  this  class  are  the  sulpho-acids,  which 
may  be  regarded  as  derived  from  sulphuric  or  sulphurous  acids  by  re- 
placing one  of  the  hydroxyl  groups  by  a  benzol  radical,  thus : — 

CeJs;  +•  Hi  o^so^  =  B^sOfC^ff^ + jg;a        pis] 

The  product  of  this  reaction,  when  fused  with  caustic  potash,  yields 
carbolic  acid. 

H(ySOiC^H,Jt^KOH=^  HO-Cfi^^-K^OfSO^-H^O.    [616] 


Thus  l^ese  two  reactions  enable  us  to  effect  the  synthesis  of  the 
phenols. 

BiribatitTition  of  Hitrogan  Radicals. 

490.  Hitro  Gompounda.    BadiecUf  NOf.  —  ThesQ  compounds  are 
Tery  important,  and  more  stable  than  in  the  taX  series. 

C^H^  +  HNO^  =  CjP{NO^  +  H^O.  [517] 

mtrooBMOl* 

O^t^O,  +  HNO,  =  CfH.-iNO^itt  +  BtO.  [618] 


684  SUBSTITUTIOH  OF  NITROGEN  BADICALS.  [§  40L 

These  compounds  caimot»  however,  be  made  by  the  action  of  AgNO^ 
on  C^H^L 

491.  Amide  Compoimda.  jSdufuxi/y  JV!£^.  — The  amidooompoonds 
can  be  obtained  from  the  nitro  compounds  by  reduction. 

Cj.KNO^  +  3  £5  =  C^HrNH^  +  2  JSJO.  [519] 

They  are  capable  of  the  following  transformations :  — 
Ist  The  hydrogen  atoms  otNH^,  the  side  chain  in  aniline,  can  be 
readily  replaced  by  alkyl  radicals. 

▲nUliM.  MrthjlaaiUiit. 

So  also  dimethylaniline,  C^fUHfiH^^.  If  methylaniline  is  heated, 
the  radical  CH^  passes  j&om  the  side  chain  to  the  ring,  thus :  — 

C^H,'N-H,CH^  =  {O.B^VH^H^.  [520] 

This  transfer  of  atoms  or  radicals  from  one  part  of  a  molecule  to  the 
other,  in  this  case  from  the  side  chain  to  the  ring,  without  breaking 
up  the  carbon  nucleus,  is  not  uncommon,  and  may  be  called  ixUmi 
roving* 

2d.  The  hydrogen  atoms  of  NH^  may  be  replaced  by  aromatic  radi- 
cals after  substituting  K  in  the  side  chain. 

C^H.'N'H.K -Jf  C^Hfir  =  (CJS^^NH^  KBr.  [521] 

DIphMiykmiiifc 

3d.  The  hydrogen  atoms  of  NH^  may  be  replaced  by  acid  radicals. 
C^HfNH^  +  {C^fiyCl  =  C^RfN^G^H^O  +  HGl.      [522] 

PlMBylMMtuBlde  or  Aoetaalllde. 

By  the  incomplete  reduction  of  nitro  compounds,  products  may  be 
obtained  which  are  intermediate  between  these  and  those  of  the  amido 
class.    Thus  we  have 

Nitrobeniol,  C^BfNO^ 

Azoxibenzol,  Ci^i"(-^-  ^  Y^^A 

Azobenzol,  C^H.-N-N-C^H^  [523] 

HydrazobenKJ,  CJI^N^NH-OJS^ 

AmidobenjDo]^  Cfi^NH^ 


§494.]  CHAINS  CONTAININQ  XHTBOGEN.  585 

These  compoands  are  comparatively  stable,  except   hydiazobenzol, 
which  under  the  inflaence  of  acid  undergoes  the  following  change  :  — 

C^H^NHrNH-C^H,  =  NHfC^rO.H,'NH^.  [524] 

492.  Diaxo  Compoundi.  Badicalf  -N^I^  or  J^N',  —  If  the  ni- 
fcrate  of  phenylammonium  is  acted  on  by  nitrous  acid,  we  have  the 
following  reaction :  — 

(ir.,  0,ffj^yNO,  +  Jraro,  =  C,HrN,-NO,  +  2ff,0.       [525] 

The  nitrate  of  diazobenzol  is  very  unstable,  and  undergoes  the  follow- 
ing singular  transformations :  — 

C^Bfy^NO^  H-  EtO  =  C^H.-O-JBT-j-  IT^  +  ffNO^.  [526] 

ncnoL 

C^HfN^'NO^  +  CtHfO'H  =  C^H.  -h  i^,  +  HNO^  +  C,F,  0,    [527] 

AloohoL  Beaaol.  Aldehyde. 

The  reaction  [526]  giTes  an  important  method  of  making  phenols, 
and  both  this  and  [527]  illustrate  a  class  of  reactions  which  have  been 
most  useful  in  the  study  of  the  aromatic  compounds. 

493.  Hydrazines.  —  Further  evidence  of  the  structure  of  the  nitro- 
gen radical  in  the  diazo  compounds  is  furnished  by  the  fisust,  that  under 
the  action  of  nascent  hydrogen  these  bodies  yield  products  called 
hydrazines,  whose  relations  are  best  explained  on  the  assumption  that 
they  contain  the  group  {NH^NHy.  Their  formation  is  illustrated  by 
the  following  reactions :  — 

{C,HfN,\'SO,  +  2  ff,  =  {C,B,,H^N'NH,\'SO^.        [528] 

SorphUeof  INeiobenioL  Siilphl«iofPh«iij|]»jrdfMitte. 

Also  we  have  [523] 

{C,H,\-N-NO  +  4  J7  =  (G,H,)fN-NH^  +  Hfi.  [529] 

Similar  compounds  have  also  been  made  from  the  £Eit  series. 

Chains  oontaining  Nitrogen. 

494.  Pyridine  (NC^ff^)  is  a  colorless  liquid  soluble  in  water,  de- 
rived from  the  products  of  the  distillation  of  bones,  bituminous  shales, 
natural  alkaloids,  and  other  nitrogenized  materials,  and  bears  similar 
relations  to  the  so-called  pyridine  bases  that  benzol  bears  to  the  aro- 
matic hydrocarbons,  and  is  susceptible  of  similar  transformation.  The 
study  of  these  relations  has  led  to  the  theory  that  it  has  a  molecular 
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itracture  aimilar  to  bensol,  with  the  exception  .that  the  nng  which 

forms  the  Bucleua  of  the  molecule  contaiiiB  an 

atom  of  nitrogen^  ae  in  the  graphic  symbol  at  • 

the  side  of  the  page.   Pyridine,  like  NH^  com-  *^  ♦         />' 

binea  diiectly  (as  an  addition)  to  acids  to  foxm  ^  ^ 

salts.     Thus,  ^Q  (J 

Nan,  +  HCl  =  HCINO.H, ;  H      *  N'      ^ H 

and,  as  in  the  formation  of  ammonium  salts 
(§  322),  we  assume  that  the  nitrogen  atom  of  the  pyridine  ring  be- 
comes quinquivalent,  and  attaches  to  itself  not  only  the  chlorine,  but 
also  the  hydrogen  atom  of  the  acid  molecule.  Picoline,  a  base  associated 
with  pyridine,  bears  the  same  relation  to  it  that  toluol  bears  to  benzol; 
that  iB,picoline  is  methylpyridine,  NC^H^-CH^.  Here  methyl  replaces 
one  of  the  hydrogen  atoms  of  the  ring.  These  atoms  may  also  be  re- 
placed by  various  radicals.  Thus  we  have  (NG^H^CO-OS,  pyridine 
carbozylic  acid,  a  compound  capable  of  three  isomeric  modifications,  ac- 
cording to  the  position  of  the  carbozyl  group  on  the  ring  with  reference 
to  the  nitrogen,  and  it  can  easOy  be  seen  that  the  pyridine  group  presents 
infinite  possibilities  of  substitutions,  additions,  and  transformations. 

Complex  Chaina. 

4d5«  NaplithaUne^  .Anthxaoane,  ato. — The  fcdlowing  graphic 
symbols  best  represent  the  chemical  relations  of  certain  very  remark- 
able compounds  which  are  among  the  products  of  the  distillation  of 
coal  tar.  As  will  be  seen,  they  may  be  regarded  as  formed  by  the 
coalescing  of  two  or  more  benzol  rings. 

H  H 

0*^0  o 

H  ■  I 

EGOS  H 

I  I 

H  H 

NaphllMlis*. 

It  will  be  noticed  that  chinoline  is  related  to  naphthaline  in  the 
same  way  that  pyridine  is  related  to  benzol.  It  wiU  be  noticed,  more- 
over, that  while  one  substitution  of  a  hydrogen  atom  on  the  ring  gives 
■no  isomaxa  in.  the  case  of  benaol^  a  similar  substitution  gives  two  iso- 


H          H 

1                                                       1 

0* 

0           0 

4, 

1 

H                              1 

^. 

0          N 

1 

H 

ChlBOlJa*. 
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maninihe  caMoi  naphthaliiiOy  H  H          H 

depending  on  the  position  of  the  H      ^   6         .  0            O          H 

ie|4acing  radical  with  zefeienoe  O         *  O  *   ^  O         ^  O' 

tO'  the  pointa  of  junction  of  the  '              '              '              " 

two  rings ;  for  it  is  evident  it          n*^  n            />'^*w 

that  it  can  be  either  ac^acent  t  i              i 

to  this  pointy  or  separated  from  H  H           H 


H     H 


a 


it  by  one  atom  of  hydrogen. 

These  forms  are  distinguished 

by  the  letters  a  and  ^. 

Anthracene     and     phenan-  •  ^  -  ^  « 

H  CI  CI 

threne  are  two  isomeric  hydro-  /Yp-/^* 

carbons  from  the  same  source,  .              ,         ,              . 

whose   molecular  structure  h  Q            CO            O 

represented  by  the  conventional  H            ^     H      H    ^ 

diagrams  at  the  side  of  the  ff                   ff 

page- 
Alizarine  is  related  to  anthracene  thus :  — 

LntfinMBo.  AMuinaruaoiM,  ▲nthnoaiaoDle  AekL  or  AHai 


AntfinMBo.  AattinqauMm*.  ▲nthnqoiaoDle  Add,  or  AHaaria^ 

This  most  important  dye^tuff  is  now  manu&ctured  from  anthracene, 
in  large  quantities,  by  a  process  which  was  discovered  by  following 
out  the  indications  of  the  theory  of  the  moleoa]ar<  structure  of  this 
longrknown  product  of  organic  natine ;  and  this  tyniheni  of  alizarine 
is  not  only  one  of  the  most  remarkable  achievements  of  modem  chem- 
istry, but  is  also  a  direct  corroboration  of  the  validity  of  the  mode  of 
reasoning  which  the  new  phUosopby  of  the  science  has  introduced. 

It  is  incompatible  with  the  design  of  this  book  to  give  descrip- 
tions either  of  substances  or  processes.  We  have  only  been  able, 
therefore,  to  point  out  the  more  important  general  principles  developed 
in  the  study  of  organic  chemistry,  and  the  nature  of  the  evidence 
by  which  these  principles  have  been  established.  Having  studied 
the  outline  here  presented,  the  student  will  be  able  to  understand 
the  descriptions  of  investigations  in  this  department  of  chemistry, 
which  are  being  constantly  published  in  the  leading  chemical  jour* 
nals ;  and  he  is  earnestly  advised  to  extend  his  studies  to  original 
papen  of  marked  exceUence.  By  studying  the  details  in  a  few  con- 
spicuous and  characteristic  examples,  he  will  gain  a  far  more  accurate 
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conception  of  the  methods  and  modes  of  thonght  by  which  this  field 
of  science  has  been  so  successfully  cultivated,  than  can  possibly  be 
obtained  from  a  text-book.  But  no  study  of  books  can  give  a  Hying, 
personal  knowledge  of  any  experimental  science,  and  this  is  especially 
true  of  organic  chemistry,  in  which  the  forms  of  expression  are  so 
obviously  conventional  These  forms  are  of  no  value  in  themselve& 
They  are  mere  tools,  and  only  serve  their  legitimate  purpose  in  the 
hands  of  the  true  student  of  nature,  whom  they  help  to  grasp  the 
phenomena  he  observes.  He  who  proposes  to  study  organic  chem- 
istry experimentally  must  learn  the  use  of  these  tools,  and,  for  such 
students,  the  outline  of  the  subject  we  have  given  may  serve  as  an 
introduction  to  this  department  of  chemical  science. 

m 

Pfayaiologioal  Chemistxy. 

496.  The  hydrocarbon  compounds  and  their  derivatives  may  also 
be  studied  as  products  of  the  vital  processes  of  plants  and  animals; 
and  when  studied  from  this  point  of  view  they  become  the  basis  of 
important  branches  of  knowledge,  known  as  animal  chemistry,  physi- 
ological chemiBtry,  phy  tochemistry,  or  agricultural  chemistry,  according 
to  the  field  embraced.  Animal  chemistry  has  a  special  interest,  on 
account  of  its  bearings  on  medicine.  But,  although  the  subject-matter 
is  the  same,  the  aims  of  study  in  these  departments  are  so  very  differ- 
ent  from  the  investigation  of  molecular  structure,  that  they  have  little 
in  common  with  what  is  now  generally  understood  as  organic  chem- 
istry. The  study  of  these  subjects  has  developed  no  new  principles 
of  chemical  philosophy,  and  the  details  are  so  numerous  that  it  would 
be  impossible  to  give  even  a  summary  of  them  in  a  work  like  this. 
We  can  only,  therefore,  point  out  these  subjects  as  well  established, 
although  somewhat  indefinite,  branches  of  chemistry. 

497.  Fementation.  —  This  term  is  applied  to  a  number  of  re- 
markable chemical  processes,  which  depend  upon  the  life  and  growth 
of  a  very  low  order  of  organized  beings,  belonging  chiefly  to  the  vege- 
table kingdom.  These  organisms  are  the  efficient  part  of  what  is 
called  the  ferment,  or  yeast.  The  fermenting  material  is  their  appro- 
priate food,  and  the  products  of  fermentation  are  in  some  imknown 
way  determined  by  the  vital  process,  dififerent  ferments  —  that  is,  dif- 
ferent organisms  —  producing  dififerent  results.  Moreover,  we  can 
frequently  distinguish  between  the  growth  and  propagation  of  these 
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oiganismsy  and  the  normal  vital  process  by  which  the  products  of 
fermentation  are  evolved;  the  first  requiring  the  presence  of  certain 
materials,  chiefly  albuminous,  which  otherwise  take  no  part  in  the 
chemical  change.  The  germs  of  these  living  beings  are  widely  dif- 
fused, floating  even  in  the  atmosphere,  and  begin  at  once  to  grow  as 
soon  as  a  fermentable  liquid  and  the  right  temperature  supply  the 
conditions  of  active  life.  Fermentation,  therefore,  may  set  in  without 
the  apparent  addition  of  any  ferment^  and,  on  the  other  hand,  the 
change  may  be  prevented  by  sealing  up  the  material  in  air-tight  cans 
previously  heated  to  such  a  temperature  as  will  insure  the  destruction 
of  all  living  germs.     The  principal  modes  of  fermentation  are :  — 

1st.  Alcoholic  fermentation,  caused  by  a  fungus,  the  ScuxharomyeeB 
cerevincBy  commonly  called  Teast,  which  converts  glucose  into  ethylic 
alcohol  and  carbonic  anhydride,  forming,  however,  at  the  same  time, 
small  amounts  of  amylic  and  other  alcohols,  besides  traces  of  succinic 
acid  and  glycerine. 

Ci^w^e  =  2  O^B;, 0  +  2  (70,.  [530] 

2d.  Acetous  fermentation,  induced  by  the  Myeoderma  tini^  by  which 
alcohol  is  changed  into  vinegar. 

3d.  Lactic  fermentation,  in  which  the  PentcUUum  glaucwn  converts 
saccharine  materials  into  lactic  acid. 

Cy7„0,  =  2  C^Hfi^.  [531] 

4th.  Butyric  fermentation,  supposed  to  be  caused  by  an  animal,  in 
which  lactic  acid,  formed  as  above,  is  changed  into  butyric  acid. 

2  C^fffij,  =  C^H^  0,  +  2  CO,  +  2  H^K  [532] 

5th.  Mucous  fermentation,  which  sugar  undei^oes  under  the  influ- 
ence of  the  ''  mucous  ferment,**  giving  rise  to  the  escape  of  carbonic 
anhydride  and  hydrogen,  and  the  formation  of  mannite,  together  with 
a  peculiar  gum  and  a  mucilaginous  substance. 

498.  Conclusion.  —  The  different  forms  of  fermentation  are  but 
lower  modes  of  the  manifestation  of  that  obscure  power  by  which 
animals  and  plants  not  only  prepare  the  materials  of  their  tissues,  but 
also  secrete  from  their  organisms  the  various  products  of  their  vital 
processes.  As  has  been  shown,  we  have  been  able,  to  a  limited 
extent,  to  achieve  in  our  laboratories  the  same  results,  and  we  can  see 
no  limit  to  our  synthetical  methods.    Nevertheless,  we  have  not  been 
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able  aA  yet  to  produce  any  of  the  materiab  wbicfa  make  up  the  great 
mass  of  the  tissuea  of  all  organized  beings ;  and  this,  which  is  troe  of 
the  gum,  starch,  and  woody  fibre  of  plants,  is  true  to  a  still  greater 
degree  of  such  materials  as  albumen,  caseine,  gelatine,  fibrine,  etc, 
which  are  the  main  constituents  of  the  animal  body.  In  regard  to  the 
composition  of  these  nitrogenized  compounds  we  have  no  knowledge 
except  that  which  may  be  obtained  by  ultimate  analysis ;  and  although 
we  have  every  reason  to  believe  that  future  investigation  will  reveal 
their  molecular  constitution^  so  &r  as  they  are  simple  chemical  com- 
pounds, yet  in  most  cases  the  substance  of  these  bodies  cannot  be 
isolated  from  the  organic  structure  which  determines  in  a  great 
measure  their  distinctive  qualities ;  and  not  only  has  man  never  been 
able  to  make  the  simplest  organic  cell,  but  the  whole  process  of  its 
growth  and  development  is  utterly  beyond  the  range  of  his  conceptions. 
Moreover,  even  in  regard  to  those  simpler  products  of  organic  life  which 
we  have  been  able  to  reach  by  synthesis,  we  have  no  knowledge  of 
the  processes  by  which  they  are  formed  in  organic  nature. 

The  vegetable  kingdom  is  a  great  laboratory,  in  which  the  sun's 
rays  manufacture  from  the  gases  of  the  atmosphere,  and  from  a  few 
earthy  salts  of  the  soil,  the  different  materials  which  the  organic 
builders  employ.  The  animal,  unlike  the  plant,  has  not  the  power 
of  forming  the  substance  of  its  tissues  from  inorganic  compounds,  but- 
it  receives  from  the  vegetable  laboratory  the  materials  required  ready 
formed.  It  transmutes  these  products  into  a  thousand  shapes  in  order 
to  adapt  them  to  its  wants ;  but  its  peculiar  province  is  to  assimilate 
and  consume,  not  to  produce.  The  nitrogenized  compounds  just 
referred  to  are  the  portion  of  its  food  which  supplies  the  constant 
waste  attending  all  the  vital  processes.  The  non-nitrogenized  starch 
and  sugar,  although  they  form  the  greater  part  of  its  food,  are  never 
incorporated  into  the  tissues  of  the  body,  but  are  merely  the  fuel  by 
which  its  temperature  is  maintained.  Here,  however,  chemistry  stops, 
and  the  science  of  physiology  begins. 

In  closing  this  summary  of  facts,  we  must  remind  the  student  that, 
as  we  stated  in  the  Introduction,  we  have  made  no  attempt  at  com- 
pleteness. Although  the  chief  characteristics  of  all  the  chemical 
elements  have  been  illustrated,  yet  important  classes  of  compounds 
have  been  necessarily  left  unnoticed,  and  this  is  especially  tru^  in  the 
last  division  of  the  book.  Organic  chemistry  presents  such  a  vast 
array  of  ^Eusts,  that  the  attempt  to  comprehend  the  whole  field  would 
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simply  lead  to  confasion,  and  seive  no  useful  end.  We  have,  theie- 
foie,  limited  ourselves  to  those  classes  of  compounds  whose  molecular 
sfarncturo  is  beet  understood,  and  our  great  object  has  been  to  iUustrate 
the  methods  by  inrhich  a  knowledge  of  this  structure  has  been  reached. 
It  is  by  these  methods  that  the  ncu^r  philosophy  of  chemistry  is  chiefly 
distinguished  from  the  old,  and  to  them  we  shall  especially  direct  the 
student's  attention  in  the  questions  which  follow.  He  should  not 
content  himself,  however,  with  simply  answering  these  questions,  but, 
by  an  exhaustive  study  of  all  the  reactions  which  have  been  given, 
and  by  a  constant  use  of  graphic  symbols,  endeavor  to  become  imbued 
with  the  spirit  of  the  philosophy  which  it  has  been  the  object  of  this 
book  to  illustrate. 

QUESTIONS  AND  PROBLEMS. 
Carbon  and  Ozygea. 

1.  Deduce  the  atomic  weight  of  carbon,  and  state  the  &usta  and  principles 
on  which  the  conclusion  is  based. 

2.  When  the  product  of  the  combustion  of  coal  is  CO,  what  proportion  of 
the  calorific  power  of  the  fuel  is  lost  ?    (§  66.) 

3.  Is  the  combination  of  CO,  with  additional  carbon  in  passing  through 
a  mass  of  incandescent  coal  attended  with  an  evolution  or  an  absorption  of 
heat  ?    Estimate  the  amount  of  the  effect  produced. 

4.  IUustrate  by  examples,  and  seek  to  establish  by  reactions  or  other 
£BU^ts,  the  carbozyl  theory  of  the  constitution  of  organic  acids. 

Carbon  and  Nitrogen. 

5.  On  what  facts  is  the  symbol  of  cyanogen  gas  based  ? 

6.  Li  what  respects  does  HOy  resemble,  and  how  does  it  differ  from,  the 
hydrogen  acids  of  the  chlorine  group  ? 

7.  What  is  the  distinction  between  the  two  classes  of  double  metallic 
cyanides? 

8.  Represent  by  graphic  symbols  the  constitution  of  several  of  the 
polymeric  compounds  of  cyanogen,  including  the  ferro-  and  feni-cyanides 
of  potassinm. 

9.  Urea,  when  in  solution  in  water,  changes  into  ammonic  carbonate. 
Write  the  reaction. 
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Carbon  and  Hydrogen. 

10.  In  what  sense  do  stracttml  qrmbols  represent  the  molecular  stmetore 
of  a  compound  ?  What  is  meant  by  saying  that  they  ^  generalize  "  or  "  pre- 
figure ^  possible  reactions  ? 

11.  In  what  respects  are  the  aims  and  methods  in  oxganic  chemistiy 
difierent  from  those  in  mineral  chemistry? 

12.  Explain  the  diatinction  between  an  open  and  a  closed  chain  of  carbon 
atoma 

13.  How  many  essentially  different  modes  of  grouping  are  poesible  with 
an  open  carbon  chain  of  four  atoms,  assuming  that  no  atom  is  united  to  any 
one  of  its  neighbors  by  more  than  one  bond  ?  How  many,  with  a  skeleton 
of  five  atoms,  etc.  ? 

14.  Deduce  the  general  symbol  of  a  hydrocarbon  formed  around  a  nu- 
cleus of  carbon  atoms  united  as  described  in  the  last  example,  and  show  that 
the  number  of  hydrogen  atoms  in  such  a  compound  depends  only  on  the 
number  of  the  carbon  atoms,  and  is  independent  of  the  mode  of  grouping. 

16.  An  addition  of  one  atom  of  carbon  to  the  nucleus  involves  the  addi- 
tion of  how  many  atoms  of  hydrogen  to  the  hydrocarbon?  Define  an 
homologous  series. 

16.  How  many  essentially  difierent  modes  of  grouping  are  possible  with 
an  open  carbon  chain  of  four  atoms,  when  two  of  the  atoms  are  united  by  a 
double  or  by  a  treble  bond  ?    How  many,  with  a  skeleton  of  five  atoms  ? 

17.  What  is  the  effect  of  increasing  the  number  of  bonds  between  the 
carbon  atoms  of  the  nucleus  on  the  number  of  hydrogen  atoms  in  the  corre- 
sponding hydrocarbon  molecule?    Define  an  isologous  series. 

• 

18.  Is  the  number  of  H  atoms  in  the  molecule  of  a  hydrocarbon  necee- 
saiily  an  even  number  ? 

19.  Make  a  table  of  the  possible  hydrocarbons  in  series  of  homologues 
and  isologues.  Why  is  it  that  such  a  table  does  not  present  all  the  poesi- 
bUities? 

20.  How  many  essentially  diffierent  modes  of  grouping  are  possible  with 
the  hydrocarbons  C^ffut  ^»^io>  ^^^  ^i^s^ 

21.  What  is  the  distinction  between  a  saturated  and  a  non-saturated 
compound?  Illustrate  by  the  relations  of  the  paraflbieB,  olefinesy  and 
acetylenes. 
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22.  Why  does  a  great  interest  attach  to  methods  of  synthesis  in  organic 
chemistry? 

23.  How  can  the  synthesis  of  a  hydrocarhon  he  effected  ?  Take,  as  exam- 
ples^ C^H^  and  C^H^. 

24.  nittstrate  the  meaning  of  the  terms  addition  produeti  and  mlmUhUion 
products. 

25.  By  what  methods  may  compounds  he  ohtained  in  which  one  or  more 
atoms  of  chlorine,  hromine,  or  iodine  are  substituted  for  a  corresponding 
number  of  hydrogen  atoms  of  a  hydrocarbon  ? 

26.  Describe  the  feature  in  the  structure  of  the  three  isomers  of  hutyl, 
O^H^  to  which  the  respective  names  [432]  are  applied. 

27.  The  compound  C^H^Cl^  has  four  isomers.  Point  out  the  peculiar 
feature  in  the  structure  of  each.    [434.] 

28.  Define  the  terms  ak6hol,  9^W^  glycerine,  aUUhyde,  ketone^  and  point 
out  the  peculiar  feature  in  the  structure  of  each  of  these  classes  of  com- 
pounds. What  is  the  characteristic  feature  in  the  structure  of  an  organic 
acidi 

29.  Define  the  three  classes  of  alcohols,  and  describe  their  characteristics 
of  structure.    By  what  reactions  may  the  three  be  distinguished  % 

30.  How  may  the  synthesis  of  ordinary  alcohol  from  elementary  sub- 
stances be  effected  ? 

31.  What  relation  do  the  different  classes  of  ethers  sustain  to  the  alco- 
hols?   [451  to  455.] 

32.  Explain  the  use  of  the  term  eaMmA,  and  the  adyantages  from 
adopting  it. 

33.  Do  the  reactions  given  in  §§  469  and  470  establLsh  the  structure  of 
the  aldehydes  and  ketones? 

34.  Explain  the  relation  of  pinakone  and  pinakoline  to  ketone. 

35.  By  what  general  reactions  may  acids  be  obtained  [467,  468,  and  469]  t 

36.  What  classes  of  compounds  may  be  derived  from  acids  by  simple 
rephicements?    [470  to  473.] 

37.  On  what  does  the  basicity  of  an  acid  depend,  and  how  may  it  be  de- 
fined? Qive  characteristic  examples  of  monobasic,  dibasic,  and  tribaric 
acids. 

38.  Explain  fully  the  relations  between  a  monobasio  add,  an  aldehyde, 
and  a  primary  alcohoL 
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39.  How  maj  a  monobttBie  acid  be  eonverted  into  an  alcohol  I 

40.  By  what  general  aeries  of  leactianB  can  we  paM  from  one  fiat  add  to 
the  next  higher,  and  from  one  alcohol  to  the  next  higher  in  the  same  series? 

41.  Write  a  series  of  reactions  bj  which  butyric  acid  may  be  made  from 
elementary  substances. 

42.  Parallel  to  the  series  of  fat  acids  is  a  series  of  unsaturated  acids,  of 
which  acrylic  acid  is  the  first  member.  Make  a  table  showing  the  relations 
of  these  two  classes  of  compounds.  How  may  a  compound  of  the  acrylic 
series  be  converted  into  the  corresponding  compound  of  the  fat  series  ? 

43.  Explain  the  relations  of  succinic  and  isosuccinic  acid,  and  show  that 
with  dibasic  acids  isomerism  may  result  from  two  different  causes. 

44.  Discuss  the  structure  of  fumaric  and  maleic  acid,  and  show  that  it  is 
best  explained  on  the  assumption  that  one  of  the  atoms  of  carbon  is  bivalent 

45.  Explain  the  structural  features  on  which  atomicity  and  basicity  de- 
pend, and  give  examples  of  acids  whose  atomicity  is  greater  than  the  basicity, 
including  lactic  acid,  malic  acid,  tartaric  acid,  and  citric  acid. 

46.  Point  out  the  difference  of  structure  between  lactic  and  paralactic 
aci^y  and  make  clear  the  relations  on  which  the  isomerism  depends. 

47.  Define  and  illustrate  by  examples  the  terms  aldehyde  and  ketone 
adds. 

48.  Compare  the  sulphur  with  the  corresponding  oxygen  compounds,  and 
point  out  the  change  of  relations  which  the  substitution  of  sulphur  for 
oxygen  produces. 

49.  What  is  the  evidence  that  the  radical  CN  in  K-CN  differs  from  its 
isomer  in  i4flr-i\rC?    [495  to  498.] 

50.  Compare  isocyanic  ether  and  cyanic  ether,  and  give  the  evidence  of  a 
structural  difference  between  these  two  isomers.  Trace  back  this  difference 
to  the  bodies  from  which  the  two  products  are  obtained.  To  what  class  of 
compounds  does  isocyanic  ether  belong  ?  What  must  be  the  structure  of 
common  potassic  cyanide  and  potassic  cyanate  ?  How  is  the  formation 
of  urea  from  ammonic  cyanate  thus  explained  ? 

51.  Explain  the  relation  of  the  sulphocyanates  and  the  mustard  oils. 

52.  Assuming  that  the  benzol  ring  is  a  closed  chain,  as  represented  by 
[507],  can  you  unite  the  carbon  atoms  symmetrically  by  the  same  number 
of  bonds  in  any  other  way  ?  If  C^H^  forms  an  open  chain,  how  could  the 
carbon  atoms  be  grouped  ? 
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S3.  The  homologne  of  benzol,  Cfiit^  is  capable  of  what  ieomeric  modifica- 
tion 7  Explain  the  relationa  of  ortho,  meta,  and  para  compoonda  among  the 
aromatic  isomen. 

64*  Explain  the  distinction  between  the  ring  and  the  side  chain. 

65.  DiBcnss  the  possibilities  of  isomerism  in  each  of  the  three  substitation 
pTodncts  monobrombemsol,  dibiombenzol,  tribrombenzol,  and  tetrabrom- 
benzoL  Show  that  by  nnmberiing  the  carbon  atoms  of  the  zing  the  several 
possibilities  may  be  easily  expressed. 

6^  Qive  Beilstein's  law,  with  an  example  of  its  application.    [512.] 

67.  How  many  isomers  of  C^E^Br  are  possible  f  How  may  they  be 
obtained? 

68.  What  Ib  the  stmctore  of  a  phenol,  and  what  are  the  relations  of  these 
compounds  ? 

59.  Write  the  graphic  symbols  of  the  three  isomeric  modifications  of 

60.  Compare  the  relations  of  benzoic  alcohol,  benzoic  aldehyde,  and  ben- 
zoic add  with  the  similar  relations  in  the  fat  series,  and  show  that  the 
transfer  of  the  hydroxyl  group  from  the  side  chain  to  the  ring  determines 
an  entire  change  of  relations.  What  are  the  three  isomers  of  benzoic  alcohol 
thus  produced  ? 

61.  Write  the  reaction  by  which  benzoic  acid  is  made  from  hippuric  add. 
(§  319.) 

62.  Give  the  graphic  symbols  of  the  three  isomers  of  toluylic  add. 

63.  Point  out  the  relations  of  cinnamic  to  acrylic  add. 

64.  Show  that  salicylic  acid  and  its  isomers  illustrate  the  distinction  be- 
tween atomicity  and  badcity.   Why  are  there  three,  and  only  three  isomers  I 

65.  What  is  supposed  to  be  the  characteristic  feature  in  the  structure  of 
the  quinones  P  What  is  the  evidence  on  which  the  opinion  rests  ?  Write 
the  graphic  symbol  of  the  quioone  C^B^O^*  What  is  the  evidence  for  the 
position  you  give  to  the  oxygen  atoms? 

66.  How  may  phenol  be  prepared  from  benzol  ?  What  is  the  nature  of 
the  compound  which  forms  the  intermediate  step  in  this  process  ? 

67.  Can  the  nitrobenzols  be  regarded  as  nitrites  ?   (§  310.) 

68.  Compare  [519]  with  the  production  of  bydroquinone,  and  consider 
whether  we  might  not  reason,  as  in  §  488^  in  regard  to  the  relation  of  0^  in 
the  group  NO^. 
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69.  How  may  aniline  or  toluidine  be  obtained  from  benzol?  What  ia 
meant  by  the  tenn  atom  roving  f 

70.  What  evidence  b  given  of  the  pieeenoe  in  the  diazo  compoonds  of 
the  ndicak  -(N'Ny  or  AkY-  ?  Diacoas  the  reactiona  [524  to  629]  in  this 
connection. 

71.  Compare  the  xelations  of  pyridine  with  thoee  of  ammonia  gaa»  and 
consider  what  conclusion  most  be  drawn  in  regard  to  the  atractnre  of  the 
salts  of  this  base. 


TABLE    I. 


FRENCH    MEASURES. 
Measurti  of  Length* 


I  KQonMtn     « 

1000  Metres. 

1  Metre 

«» 

1.000  Metre. 

1  Hectometre  s 

100 

1  Decimetre 

ts 

0.100      « 

1  Decametre    « 

10 

1  Centimetre 

es 

0.010       *« 

1  Metre           » 

1 

1  Millimetre 

sa 

0.001       " 

Ar.  Co.  Lof 
1  Kilometre        «        0.6814  Mile.  9.7933  712  0.2066  186 

1  Metre  B        3.2809  Feet.  0.5159  930  9.4840  070 

1  Centimetre      »=        0.3937  Inch.  9.5951  742  0.4048  258 

The  metre  is  one  ten-millionth  of  a  qnadnnt  of  the  globe. 


Meoiurei  of  Volume. 

1  Cubic  Metre  mu*    n    1000.000  Litres. 

1  Cubic  Decimetre     drm.*    b         I.OOO      " 
1  Cnbie  Centimetre    cTm:*    »         0.001      '' 


1  Cabic  Metre 
1  Cabic  Decimetre 
1  Cubic  Centimetre 
1  Litre 
1  Litre 
1  Litre 


Lofulthini. 

35.81660  Cable  Feet.  1.5479  790 

61 .02709  Cubic  Inches.  1 .7855  226 

0.06103       "        ••  8.7855  226 

0.22017  Gallon.  9.3427  581 

0.88066  Qoart.  9.9448  083 

1.76133  Pints.  0.2458  407 


Ar.Oo.LQff. 
8.4520  210 

8.2144  774 

1.2144  774 

0.6572  419 

0.0551  917 

9.7541  593 


FRENCH    WEIGHTS. 


1  Kilogramme 
1  Hectogranune 
1  Decagramme 
1  Gramme 


1000  Grammes. 
100        " 
10         " 
I         " 


I  Gramme 
1  Decigramme 
1  Centigramme 
1  Milligramme 


1.000  Gramme. 
0.100       *« 
0.010       •• 
0.001        •' 


1  KHogramme 


M 


1 

1  Gramme 


LogulfliiBt.  Ar.  Oo.  Lo^ 

2.20462  Founds  Avobdapois.    0.3433  337  9.6566  668 

2.67922      "       Troy.  0.4280  083  9.5719  917 

15.43235  Grains.  1.1884  321  8.8115  679 


iCrith 


0.089578  Giammes. 


8.9522  014    1.0477  986 


TABLE  IL 


ELEMENTABT  ATOMS. 


▲LFHABSnOAL  LIST. 


Alnminnm, 

Al 

27.0  * 

Molybdenum, 

Mo 

96. 

Antimonyi 

8b 

120.0 

Nickel, 

Ni 

68.8 

Arsoiic, 

At 

76. 

Nitrogen, 

N 

14.0 

Burium* 

B« 

187.1 

Norweginm  (1) 

Ng 

146.9  r 

Bismath, 

Bi 

210.0 

Ondnm, 

Oa 

199.2 

Boron, 

B 

ILO 

Oxygen, 

0 

16.0 

Bromine, 

Br 

80.0 

Palladium, 

Pa 

106.6 

Cadmium, 

Cd 

112.8 

Phoaphorua, 

P 

8L0 

Cesiom, 

Cs 

188. 

Platinum, 

Pt 

194.8 

Caldam, 

Ga 

40.0 

Potassium, 

K 

89.1 

Carbon, 

C 

12.0 

Bhodinm, 

Rh 

104.4 

Cerium, 

Ce 

141.0  • 

Rubidium, 

Rb 

86.4 

Chlorine, 

CI 

86.5 

Ruthenium, 

Ru 

104.4 

Chromium, 

Cr 

62.2 

Scandium, 

So 

44.    • 

Cobalt, 

Co 

68.8 

Selenium, 

Se 

79.2 

Columbinm, 

Cb 

04. 

Silicon, 

8i 

28. 

Copper, 

Cu 

68.8 

Silrer, 

Ag 

108.0 

Decipium  (?) 

Dp 

160.     • 

Sodium, 

Ka 

28.0 

Didymium, 

D 

140.    • 

Strontium, 

8r 

87.6 

Erbium, 

Er 

167.     * 

Sulphur, 

8 

82.0 

Fluorine, 

P 

19.0 

Tantalum, 

Ta 

182. 

Qallium, 

Gft 

70.0  ♦ 

Tellurium, 

Te 

128. 

Glucinnm, 

Gl 

18.9  • 

Terbium  (?) 

Tr 

171.  ?• 

Gold, 

Aa 

197. 

Thallium, 

Tl 

204.1 

Holmium  (?) 

Uo 

162.  ?• 

Thorium, 

Th 

231.4 

Hydrogen, 

H 

LOO 

Thulium  (?) 

Tm 

170.  ?• 

Indium, 

In 

118.7  ♦ 

Tin, 

8n 

118. 

Iodine, 

I 

126.8 

Titanium, 

Tl 

60.0 

Iridium, 

Ir 

192.7 

Tungsten, 

Wo 

184. 

Iron, 

Fe 

66.0 

Uranium, 

Vt 

120. 

La 

189.     • 

Vanadium, 

Y 

61.8 

Lead, 

Pb 

206.9 

Ytterbium  (0 

Yb 

178.  ?♦ 

Lithium, 

Li 

7.0 

Yttrium, 

Y 

91.  ?♦ 

Magnesium, 

Mg 

24.0 

Zinc, 

Zn 

66.2 

Manganeae, 

Mn 

66.0 

Ziroonimn, 

Zr 

89.6 

Mercury, 

Hg 

200.0 

1 

•Ob  the 


ttia*  ths  prinolpal  ooddt  Is  B^O^, 


TABLE  m. 


SFECinC  QRAYITT  OF  OASES  AND  TAPOBa 


Nf 


Air 

Hydrogen 


Acetylio  Hydride  (Aldehyde). 

Acetjrlic  Cnloride    

Acetic  Anhydride    

Acetic  Acid 


Aluminio  Chloride 
Alurainic  Bromide 
Alnminic  Iodide  ... 


AntimonioQB  Chloride. 
Antimonious  Oxide.... 
TriethyUtibine..; 


Arsenic 

Aneninretted  Hydrogen. 
Araenious  Chloride ....... 

Arsenione  Iodide .^. 

Araenious  Oxide 

Trieihylarsine 

Kakodyl   


Bismnthous  Chloride 


Boric  Methide ... 
Boric  Ethide  ... 
Boric  Fluoride .. 
Boric  Chloride.., 
Boric  Bromide.. 
Methylic  Borate 
Ethylic  Borate... 


Bromine    

Hydrobromic  Acid 


Cadroiam 

Cadmic  Bromide 


Carbonic  Tetrachloride  .. 

Phosgene  Gas  

Dicaroonic  Hexachloride 
Dicarbonic  Tetrachloride 
Dicarbonic  Dichloride;.... 
Carbonic  Oxide    


Symbols. 


C,H«0 

c«H«o, 

X: 

SbCl. 

Sb^O. 

Sb(CsHc)^ 

Aai), 

AsCl. 

Aslg 

As^Oe 
Ab<C-H.), 
Ass(CH^4 

Bid, 

BCL 
BBr, 

(CH,)Ab 
(C,H,),0,B 

Br* 
HBr 

Cd 
CdBrs 

CCL 

COCTj 

CfCU 
CgCl^ 


%^ 


&=i. 


1.000 
0.0698 

1.582 
2.87 
8.47 
2.088 

9.84 
18.62 
27. 

7.8 
19.8 
7.28 

10.2 

2.696 

6.3 
16.1 
18.8 

5.29 

7.10 

11.85 

1.981 

8.401 

2.87 

8.942 

8.78 

8.59 

5.14 

5.54 
2.71 

8.94 
9.25 

5.415 
8.899 
8.167 
6.82 

0.967 


8p.Qr. 


14.48 
1.00 

22.10 
41.42 
50.07 
80.07 

184.8 
268.7 
889.6 

112.7 
286.7 
104.4 

147.2 
88.90 
90.90 

282.4 

199.8 
76.85 

102.5 

168.9 

27.90 
49.10 
84.20 
66.85 
126.8 
61.80 
74.20 

79.50 
89.10 

56.85 
188.5 

78.14 
49.06 
117.7 
84.00 

18.95 


Half  Mo- 

laeolar 

Walghfc.* 


1.00 

22.00 
89.25 
51.00 
80.00 

188.5 
267.0 
407.4 

118.2 
288.0 
103.5 

150.0 
89.00 
90.75 

227.7 

198.0 
81.00 

105.0 

158.2 

28.00 
49.00 
84.00 
58.76 
126.5 
52.00 
78.00 

80.00 
4Q.50 

56.16 
186.1 

77.00 
49.50 
118.5 
88.00 
47.50 
14.00 


rithmtt 


1.1598 
0.0000 

1.8424 
1.6988 
1.7076 
1.4771 

2.1265 
2.4266 
2.6100 

2.0540 
2.4594 
2.0149 

2.1761 
1.6911 
1.9678 
2.8574 
2.2967 
1.9085 
2.0212 

2.1994 

1.4472 
1.6902 
1.6816 
1.7690 
2.0986 
1.7160 
1.8683 

1.9081 
1.6075 

1.7498 
2.1840 

1.8866 
1.6946 
2.0787 
1.9191 
1.6767 
1.1461 


•  CaleaUted  ftom  tbe  atamio  welf  hto  of  TiUt  IL 

t  By  addlof  to  theM  logwltliBit  tiM  oonitent  8.9632  ws  obtain  tho  logaritlms  of  tbo  waight  hi 
(ludor  standard  ooBdltlQiis)ofoiMlltrBer«aohtis  Off  Tapor.    (SospagaTO.) 
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Carbonic  Diozid« 

Carbonic  Ditulphide 

Chlorine    

Hydrochloric  Acid  .. 


Chromic  Ozichloride 


Colambie  CSiloride  .... 
Colombic  Ozichloride. 

Cupront  Chloride 


Cyanogen  Gas 

Hydrocyanic  Acid 
Cyanogen  Chloride 
Cyanic  Add 


Ethyl 

Ethylic  Chloride 

Ethylic  Oxide  (Ether)    ... 
Ethylic  Hydrate  (Alcohol) 


Ethylene  (defiant  CUm)  .... 

Ethylene  Chloride  

Ethylene  Oxide   

Ethylene  Hydrate  (Glycol) 


Ferrio  (Chloride 


Iodine  below  700^ 
Iodine  aboTe  1400° 
Hydriodie  Acid   ... 


Indium  Chloride 


Lead  Chloride 
Lead  Methide 


Methyl  Hydride  (Marah  (ks) 

Methyl  Chloride 

Methyl  Bromide 

Methyl  Iodide 

Chloroform   ^ 


MereuTT    

Mercanc  Ethide  .... 
Mercuric  Methide  . 
Mercuric  Chloride  . 
Mercuric  Bromide  . 
Mercuric  Iodide  .... 
Mercurous  Chloride. 

Molybdic  Chloride  . 


Nitrogen 
Ammonia 


CO, 
C8, 

HQ 
CrO^Clg 

cba« 

CbOCl, 
COflCl, 

(CN). 

HON 

CNa 

CKOH 

C4H«,0 
C^I^O 


InClf 

PbCl, 
Pb(CH,), 

CH4 
CH,C1 
CH.Br 

CH.I 
CHCU 

Hg(c}l^, 


k 


MoGi 
NHg 


•B0.  Wn» 


1.629 
2.C46 

2.44 
L27 

6.6 

9.6 
7.9 

7.06 

1.806 
0.947 
2.18 
L60 

2.00 
2.219 
2.686 
L618 

0.978 
8.448 
L422 


n.i4 

8.716 

4.6 

4.448 

7.78 

9.6 
9.6 

0.6676 

1.786 

8.268 

4.888 

4.20 

6.976 

9.97 

8.29 

9.8 
12.16 
16.9 

8.21 

9.46 

0.971 
0.691 


8b.  Ck 
fif=l. 


22.06 
88.17 

86.22 
18.82 

79.4 

188.6 
114.0 

101.7 

26.06 
18.67 
80.74 
21.66 

28.86 
82.02 
87.82 
28.28 

14.11 
49.69 
20.62 


160.7 

126.7 
66.4 
64.12 

112.8 

187.1 
188.6 

8.06 
26.06 
46.96 
70.47 
60.60 

100.7 
148.9 
119.6 
14L6 
175.6 
229.6 
118.6 

186.6 

14.00 
8.685 


BalfMo- 
toeulmr 
W«ighL 


22.00 
88.00 

86.60 
18.26 

77.60 

186.7 
108.2 

98.80 

26.00 
18.60 
80.76 
22.60 

29.00 
82.26 
87.00 
28.00 

14.00 
49.60 
22.00 
81.00 

162.5 

126.8 
68.4 
68.9 

110.1 

188.9 
188.6 

8.00 
26.26 
47.60 
70.90 
69.76 

100.0 
129.0 
115.0 
185.6 
180.0 
227.0 
286.6 

186.8 

14.00 
8.51 


1.8424 
L6798 

1.5602 
La618 

1.8986 

2.1826 
2.0842 

1.9948 

1.4160 
1.1808 
L4878 
L8622 

1.4624 
1.6086 
L5682 
1.8617 

1.1461 
1.6946 
1.8424 
1.4914 

2.2108 

2.1081 
1.8021 
1.8066 

2.0418 

2.1427 
2.1266 

0.9081 
1.4028 
1.6767 
1.8506 
1.7768 

2.0000 
2.1106 
2.0607 
2.1819 
2.2668 
2.8660 
2.8720 

2.1846 

1.1461 
0.9294 
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Methylamine   

Aniline 

Nitrons  Oxide 

Nitric  Oxide 

Nitric  Peroxide    

Osmic  Tetroxide 

Oxygen 

AqneouB  Vapor    

Phosphorus  

Phosphuretted  Hydrogen  .. 

Phosphorus  Chloride  

Phosphoric  Oxichloride 

Phosphoric  Sulphochloride 
Oxide  of  Triethylphosphine 

Selenium  at  771^ 

Seleniuretted  Hydrogen 

Silicic  Methide 

Silicic  Ethide  

Silicic  Fluoride    

Silicic  Chloride    

Ethylic  Silicate   

Stannic  Ethide... 

Stannic  Dimethylo-diethide 

Stannic  Chloro-triethide 

Stannic  Dichloro-diethide  .: 

Stannic  Chloride 

Stannous  Chloride  

Sulphur  ahoye  860^ 

Sulphur  at  450^   

Sulphuretted  Hydrogen 

Sulphurous  Oxide  

Sulphuric  Oxide  

Sulphurylic  Chloride  

Tantalic  Chloride 

Thallium  Chloride  

Titanic  Chloride 

Tungsten  Pentachloride 

Tungsten  Hexachloride 

Tungsten  Oxichloride 

Vanadium  Tetrachloride 

Vanadium  Oxichloride   

Zinc  Methide   

Zinc  Ethide 

Zinc  Chloride  ; 


filjmbols. 


NH,(CHg) 
NH^(C.H,) 

N.0 

NO 

NOj 

O8O4 
PCL 

pocL 

PSCl, 
PO(C,H^ 


Si(CH,)4 
8i(C^H,, 

SiCL 
SiO^CCjX)* 

Sn(C,H^)4 

Sn(CH,UC,H^ 

Sn(0,H,\,Cl 

Sn(C,H,),Cl, 

SnCl4 

8nsCl4 

H^ 

S^ 

SO, 

SOaCls 

TaCl, 

TlCl 
TiCl4 

Woa, 

WoCl- 
W0OCI4 

VaCL 
VaOClg 

Zn(CH,), 

Zn(C,H;)j 

ZnCl^ 


Jc8*  Vn« 

Air=l. 


1.08 

8.21 

1.527 

1.088 

1.72 

8.89 

1.1056 
0.6285 

4.42 

1.184 

4.742 

5.3 

5.88 

4.6 

5.68 
2.795 

8.088 

5.18 

8.600 

5.989 

7.82 

8.021 
6.888 
8.480 
8.710 
9.199 
18.08 

2.23 

6.617 

1.191 

2.234 

2.768 

4.67 

12.8 

8.2 

6.886 

12.7 
18.2 
11.84 

6.69 
6.11 

8.29 
4.26 
4.57 


8|».Qr. 
^=1 


15.59 
46.83 
22.04 
14.97 
24.82 

128.8 

15.95 
8.998 

63.78 
17.09 
68.44 
76.49 
84.86 
66.39 

81.96 
40.83 

44.49 
74.03 
51.95 
85.72 
105.6 

115.8 
98.68 
121.7 
125.7 
182.7 
188.7 

32.18 
95.50 
17.19 
32.24 
39.87 
67.39 

184.7 
118.8 
98.65 

183  2 

190.5 
170.9 

96.54 
88.16 

47.47 
61.46 
65.95 


Half  Mo- 
Iceular 
Weight 


15.50 
46.50 
22.00 
15.00 
23.00 

131.6 

16.00 
9.00 

62.00 
17.00 
68.75 
76.75 
84.75 
67.00 

79.20 
40.60 

44.00 
72.00 
52.00 
85.00 
104.0 

117.0 
103.0 
120.2 
123.5 
130.0 
189.0 

82.00 
96.00 
17.00 
32.00 
40.00 
67.50 

179.7 

119.8 

96.00 

180.7 
198.5 
171.0 

96.65 
86.90 

47.60 
61.60 
68.10 


riUuns. 


1.1908 
1.6675 
1.3424 
1.1761 
1.3617 

2.1193 

1.2041 
0.9542 

1.7924 
1.2304 
1.8378 
1.8851 
1.9281 
1.8261 

1.8987 
1.6085 

1.6435 
1.8578 
1.7160 
1.9294 
2.0170 

2.0682 
2.0128 
2.0799 
2.0917 
2.1189 
2.2765 

1.5051 
1.9828 
1.2804 
1.5051 
1.6021 
1.8293 

2.2546 

2.0785 

1.9828 

2.2570 
2.2978 
2.2330 

1.9852 
1.9390 

1.6776 
1.7896 
1.8831 


TABLE  IV. 


SPECIFIC  HEAT  OF  ELEMENTARY  SUBSTANCES. 


NaiMt. 

Bnette 
HmI. 

Toaptfa^ 
tors. 

Atomle 
Weight. 

Ptodaet. 

Aluminmn ,.   . 

0.214 

0.0608 

0.814 

0.0808 

0.891 

0.0542 

0.170 

0.459 

0.0448 

0.107 

0.0952 

0.0456 

0.408 

0.0824 

0.0570 

0.0541 

0.0826 

0.114 

0.0449 

0.0314 

0.941 

0.250 

0.0819 

0.108 

0.0811 

0.0698 

0.189 

0.0824 

0.166 

0.0580 

0.0611 

0.0762 

0.2029 

0.0670 

0.2980 

0.178 

0.0474 

0.0885 

0.0562 

0.0884 

0.0955 

60® 
65® 
56® 
56® 
238® 
87® 
60^ 
986® 
49® 
65® 
68® 
60® 
60^ 
55® 
60® 
69® 
60® 
68® 
60® 
66® 
64® 
60® 

—69® 
66® 
60® 
66® 
19® 
55® 

—84® 
66® 
50® 
69® 
282®.  4 
66® 

—14® 
67® 
66® 
68® 
55® 
56® 
56® 

27 
120 

75 
210 

11 
112 

40 

12 
141 

59 

68 
140 

18.9 
197 
118.7 
127 
192.7 

56 

189 

207 

7 

24 
200 

59 
199 
106.6 

81 
194.8 

89.1 
104.4 
104.4 

79.2 

28 
108 

28 

82 
128 
204 
118 
184 

65 

5.8 
6.1 
6.1 
6.6 
4.8 
6.1 
6.8 
6.6 
6.8 
6.8 
6.0 
6.4 
5.6 
6.4 
6.6 
6.9 
6.4 
6.4 
6.2 
6.6 
6.6 
6.0 
6.4 
6.4 
6.2 
6.8 
5.9 
6.8 
6.5 
6.0 
6.8 
6.1 
6.7 
6.1 
6.7 
5.7 
6.1 
6.8 
6.6 
6.1 
6.2 

Antimony    

Arsenic  (crystallized) 

Binnuth  .,,....... 

Boron  (in  square  ootahediml  crystals). 
Cadmium .......x 

Calcium    .- 

O^rbon  (diamond)  ....,..,..x 

Cerium 

Cobalt 

Copper 

Didyminm  

Olucinum 

Gold 

Indium 

Iodine  

Iridium 

Iron  

Lead 

Lithium    

Maffnestum  , 

Mercury    ....••.. 

Nickel  

Osmium    

■ 

Palladium 

Phosphorus  

Platinum 

Potassium 

Rhodium  , 

Ruthenium  , 

Selenium  (crystallized)  

Silicon  (crystallized) 

SUver 

Sodium 

Sulphur 

Tellurium 

Thallium  

Tin 

Tungsten  

Zinc  

TABLE  V. 
HEAT  OF  COMBINATION. 


n^ 

OoMtttonti. 

OondMm  or  ProdMt. 

Hydrochloric  Acid 

Potaaiie  Chloride   

Magnetic  Chloride 

Alumimo  Chloride 

Hy dfobroniic  Acid 

Hvdriodio  Acid 

H  +  Cl 

K  +  a 

Mg  +  Cl, 

Ai  +  a, 

H  +  Br 
H  +  I 

a  +  o,+  H 
a  +  o,+K 

H,  +  0 
K  +  O  +  H 
Na  +  O  +  H 
Mg  +  0,  +  H, 
Hs  +  0, 
Ht  +  S 
N  +  Cl, 
H,  +  N 
N  +  H^  +  a 
N,  +  H,  +  0, 
N,  +  0 
N  +  0 
N,  +  0, 
N  +  0, 
N,  +  0. 
N  +  0,  +  H 
K  +  N  +  0, 
Na  +  N  +  0. 
Ag  +  N  +  Ob 
S  +  0, 
S  +  0, 
8  +  O4  +  H, 
K,  +  S  +  0, 
Na,  +  8  +  0, 
Zn  +  S  +  O4 
CU  +  8  +  O4 
Ps  +  0, 

Oa*. 
+  22.0 

+  8.4 
—  6.2 

+  59.4 

+  4.6 
+  26.7 

—  18.0 

—  48.8 
—65.6 
—24.8 

—  44.6 

+  69.1 

JA^Hid, 

+  69.0 

—  88.1 

—  18.6 

—20.0 

—  89.8 
+  19.6 

+  198.0 

•  •«  •  •  0 

Solid. 

+  106.6 
+  151.0 
+  160.9 

+  94.6 

+  70.4 

+  104.8 

+  102.8 

+  218.0 

+  91.2 
+  80.7 

—  81.6 

+  97.0 

+  88.6 

+  6.5 

+  108.6 
+  194.0 
+  842.2 
+  826.4 
+  288.4 
+  182.8 
+  868.8 

SolutUm. 
+  89.3 

+  101.2 

+ 187.0 

+  287.8 

+  28.4 

+  18.2 

+  22.5 

+  116.8 
+  112.1 

+  46.6 
+  9.2 

+  85.2 
+  87.8 

—  14.8 
+  27.1 

+  76.8 
+ 141.0 
+  210.0 
+  886.2 
+  827.2 
+  252.0 
+  199.1 
+  405.4 

Chloric  Acid   

Potudc  Chlorate   

Water  

Potusic  Hydrate    

Sodio  Hydrate 

Magnesic  Hydrate 

Hvdrio  Peroxide 

Hvdrio  SnlDhide 

Nitrogen  Chloride 

AmmnntA 

Ammonio  Chloride 

Amnionic  Nitrate  

Nitrons  Oxide 

Nitric  Oxide  

Nitrons  Anhydride    . . . 
Nitric  Peroxide  

Nitric  Pentoxide    

Nitric  Acid 

Potaasio  Nitrate 

Sodic  Nitrate 

Armntic  Nitrate 

Snlphnrons  Oxide 

Snlphurio  Oxide 

Snlphuric  Acid  

Potaaaic  Snlphate  

Sodic  Sulphate   

Zincic  Snlnhate 

Cnnric  Sulphate 

Phosphoric  Oxide  

604 


TABUS  y.— CMfrntMi. 


^ 

^^v^H^^BaaM^^^W  ■ 

Oonditioiift  of  Pndnet. 

Acetylene  (C  bb  DianL ) 
Ethylene           «' 
ManhOftt  

C,  +  H, 
C.  +  H, 
C  +  H* 

C  +  0, 
C  +  Q, 

C  +0 
C  +  0 

8i  +  0* 
Si  +  O, 
Sn  +  0 
Sn  +  0, 
Fe  +  0 
Fea  +  0, 
Mn  +  0 
Mn  +  O, 
Zn  +  0 
Cu  +  0 
Hg  +  0 
i^  +  0 

P  +  Cl, 
P  +  Cl. 
P  +  Clg  +  0 

C  +  N 
C  +  N  +  H 
C  +  N  +  K 
C  +  N,  +  Hg 
C  +  N  +  Ag 
0,  +  0 

Oma. 

—  64.0 

—  8.0 
+  22.0 

+  94.0 
+  97.0 

+  25.0 
+  28.0 

+  68.9 

+  41,0 
+  14.1 

—  29.6 

JJfuid. 

+  75.8 
+  142.4 

—8.4 

SoKd. 

+  100.0 
+  108.0 

+  227.8 

+  219.2 

+  70.2 

SoiMimm, 

+  99.6 
+  102.6 

Carbonic  DicxMe 
0  sas  T)ieinond 

C  Bs  Amorphoos 

Carbonic  Oxide 
C  BB  Diamond......... 

C  ss  Amorphona. 

Silicic  Oxide 
Si^Ciyatalliied.... 
Si  B>  Amorphona 

Stannic  Oxide 

1  ■  ^                  1 
+  141.2    

Ferrona  Oxide 

Ferric  Oxide  

1  ^•"•^ 
+  68.2 

+  191.2 
+  94.S 

+  116.2 

+  85.4 

+  87.2 

+  80.6 

+  6.0 

+  107.8 

+  45.7 
—20.4 
—  18.6 

+  8.0 
+  42.9 
—  28.4 

Manganona  Oxide  

Zincic  Oxide   

Cunric  Oxide  

Mercnric  Oxide  

Phosphorona  Chloride . 
Phoaphoric  Chloride  ... 
Fhoaphoric  Oxichloride 
Cyanogen 
C  es  Diamond 

Pmaaic  Acid   

Potaaaic  Cyanide    

Mercnric  Cyanide  

Aigentic  Cyanide 

Ozone 
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9480 

9485 

9440 
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2 

88 

9445 
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9456 

9460 

9465 

9469 

9474 

9479 
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0 

2 

2 

89 
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9499 

9504 

9509 

9518 

9518 

9528 

9628 
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0 

2 

2 

4 

90 

9542 

9547 

9552 

9557 
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9666 

9571 
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0 

2 

2 

91 

9590 

9595 

9600 
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9614 

9619 

9624 

9628 
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0 

2 

2 

92 

9638 

9643 

9647 
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9657 

9661 
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9671 
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9680 

0 

2 

2 

93 

9685 

9689 

9694 

9699 

9708 

9708 

9713 

9717 

9722 

9727 

0 

2 

2 

94 

9731 

9736 

9741 

9745 

9750 

9754 

9759 

9763 

9768 

9773 

0 

2 

2 

95 

9777 

9782 

97S6 

9791 

9795 

9S00 

9805 

9809 

9814 

9818 

0 

2 

2 

96 

9623 

9827 

9832 

9836 

9841 

9846 

9850 

9854 

9859 

9863 

0 

2 

2 

97 

9668 

9872 

9877 

9S81 
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9890 

9894 

9699 

9908 

9908 

0 
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2 

98 

9912 

9917 

9921 

9926 

9930 

9934 

9939 

9948 

9948 

9962 

0 
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2 

2 

99 

9956 

9961 
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1 
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1000 

1001 

1009 

1007 

1009 

1011 

1014 

1016 

1019 

1081 

~ 

8 

.01 

1023 

tOM 

1038 

1030 

1033 

1035 

1038 

1040 

1041 

1049 

( 

1 

m 

1017 

1050 

1091 

1051 

1037 

1059 

1061 

1084 

1067 

1089 

0 

a 

.03 

1071 

1074 

1076 

1079 

1081 

1084 

1088 

1089 

1091 

1094 

0 
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M 

lOM 

1099 

1101 

no. 

1107 

1109 

1118 

1114 

1117 
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0 

1 

9 

M 

11>S 

1119 

HIT 

n» 

1131 

1139 

1138 
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1143 
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0 

1 

M 

1148 

1191 

1196 

1159 

1161 

1184 

1167 

1171 

0 

1 

2 

m 

UTS 

1178 

IISO 

1183 

1186 

1191 

1194 

1191 

0 

M 

1201 

1905 
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1116 

1119 

1111 

1137 

0 

M 
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1336 

1139 

1141 

I  ■49 

1147 

1190 

1193 
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0 

1 
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1339 

1191 

1169 

iioe 
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■  ■74 

1176 

1179 

1118 

1185 

0 

S 
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IZ88 

1191 

1397 

1306 

1309 

13U 

1315 

0 

1 

.11 

1318 

1311 

1317 

1330 

1334 

1337 

1340 

1316 

■ 

.13 

1349 

1391 

1359 

1398 

1361 

1365 

1368 

1311 

1371 

1377 

■ 

.14 

1380 

1384 

1387 

13W 

1393 

1396 
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1403 

1408 

1409 

■ 

.19 

1413 

1416 

1419 

1 411 

14H 

1119 

143S 

1435 

1439 

1449 

1 

.!< 

1443 

1419 

1159 

1199 

1499 

1163 

1466 

1469 

1471 

1476 

9 

.17 

1179 

1493 

1186 

1489 

1493 

1196 

1500 

1503 

1507 

1510 

9 

.18 

1314 

1517 

1911 

1911 

1518 

1531 

1533 

1538 

1541 

1915 

9 

8 

.10 

1M9 

1553 

1S56 

19S0 

1563 

1567 
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1974 

1578 

1981 

8 

JO 

1SB3 

1589 

1591 

1598 

leoo 

1603 

1607 

1611 

1614 

1618 
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Jl 

16S1 

I  GIB 

1619 

1633 

163J 

1611 

1644 

1618 

1691 

1696 

! 

M 

ISW 

IG63 

1667 

1671 

1675 

1679 

1683 

1637 

1690 
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a 

sa 
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1714 
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1711 
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M 
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1746 
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J9 
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1781 
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1791 
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1799 
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JB 
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1837 
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3 

JT 
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1891 
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1901 

3 

M 
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S» 
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1959 
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1971 
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1981 

1986 

1991 

3 
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1009 
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9018 

1013 

1018 

2031 
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1046 
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S 
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1103 
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S9ia 
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AS 
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■■89 
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S176 
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M 
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1196 

S301 

1307 
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1317 

1313 

1388 

9333 
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4 

J7 
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13M 

1399 
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1366 

3371 
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1381 
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M 

1399 
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1410 

1115 

3431 

3417 

■431 
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9449 
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M 
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1466 
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3483 
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9906 
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1913 
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■ 
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1888 
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SSS4 

1891 
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■917 

1»S« 

1131 

8938 
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» 

9 

A7 
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S95B 

1989 

1971 

■979 
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M99 

8008 

3018 

■ 

ft 

A» 
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3017 

904B 

9099 

3061 

3069 

3078 
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ft 

A9 
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3103 

3111 

S1I9 
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8141 
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J 
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ANTILOGAWTHMS. 


I: 


I 


0 


J50 

.52 

34 

35 
36 
.57 
38 
3» 

.60 
.61 
.62 
.63 
.64 

.65 

.66 
.67 
.68 
.69 

.70 
.71 
.72 
.73 
.74 

.75 
.76 
.77 
.78 
.79 

30 
31 
•82 
33 
34 

35 
36 

37 
33 
39 

.90 
.91 
.92 
.93 
.94 


3162 
3236 
3311 
3388 
3467 

3548 
3631 
3715 
3802 
3890 

3981 
4074 
4169 
4266 
4365 

4467 
4571 
4677 
4786 
4898 

5012 
5129 
5248 
5370 
5495 

5623 
5754 
5888 
6026 
6166 

6310 
6457 
6607 
6761 
6918 

7079 
7244 
7413 
7586 
7762 

7943 
8128 
8318 
8511 
8710 


.95  8913 


36 
37 
38 
3*J 


9120 
9333 
9550 
9772 


1 

2 

3170 

3177 

3243 

3251 

3319 

3327 

3396 

3404 

3475 

3483 

3556 

3565 

3639 

3648 

3724 

3733 

3811 

3819 

3899 

3908 

3990 

3999 

4083 

4093 

4178 

4188 

4276 

4285 

4375 

4385 

4477 

4487 

4581 

4592 

4688 

4699 

4797 

4808 

4909 

4920 

5023 

5035 

6140 

5152 

5260 

6272 

5383 

5395 

5508 

5521 

5636 

5649 

5768 

5781 

5902 

5916 

6at9 

6053 

6180 

6194 

6324 

6339 

6471 

6486 

662J 

6637 

6776 

6792 

6934 

6950 

7096 

7112 

7261 

7278 

7430 

7447 

7603 

7621 

7780 

7798 

7962 

7980 

8147 

8166 

8337 

8356 

8531 

8.^51 

8730 

8750 

8933 

8954 

9141 

9162 

9354 

9376 

9572 

9594 

3184 
3258 
3334 
3412 
3491 

3573 
3656 
3741 
3828 
3917 

4009 
4102 
4198 
4295 
4395 

4498 
4603 
4710 
4819 
4932 

5047 
6164 
5284 
5408 
5534 

5662 
5794 
5929 
6067 
6209 

6353 
6501 
6653 
6808 
6966 

7129 
7295 
7464 
7638 


3192 
3266 
3342 
3420 
3499 

3581 
3664 
3750 
3837 
3926 

4018 
4111 
4207 
4305 
4406 

4508 
4613 
4721 
4831 
4943 

5058 
5176 
5297 
5420 
5546 

5675 
5803 
5943 
6081 
6223 

6368 
6516 
6668 
6823 
6982 

7145 
7311 
7482 

7656 


7816  7834 


7998 
8185 


8017 
8204 


8375  8395 
8570  8590 


9795 


8770 

8974 
9183 
9397 
9616 


8790 

8995 
9204 
9419 
9638 


98171  9840.  9863 


3199 
3273 
3350 
3428 
350a 

3589 
3673 
3758 
3846 
3936 

4027 
4121 
4217 
4315 
4416 

4519 
4624 
4732 
4842 
4955 

5070 
5188 
5309 
5433 
5559 

5689 
5821 
5957 
6095 
6287 

6383 
6531 
6683 
6839 
6998 

7161 
7328 
7499 
7674 
7852 

8035 
8222 
8414 
8610 
8810 

9016 
9226 

:^441 

9661 
9886 


3206 
3281 
3357 
3436 
3516 

3597 
3681 
3767 
3855 
3945 

4036 
4130 
4227 
4325 
4426 

4529 
4634 
4742 

4853 
4966 

5082 
5200 
5321 
5445 
5572 

5702 
5834 
5970 
6109 
6252 

6397 
6.'>46 
6699 
6855 
7015 

7178 
7345 
7516 
7691 
7870 

8054 
8241 
8433 
8630 
8831 

9036 
9247 
9462 
9683 
9908 


3214 

3289 
3365 
3443 
3524 

3606 

3690 
3776 
3864 
3954 

4046 
4140 
4236 
4335 
4436 

4539 
4645 
4753 
4864 
4977 

5093 
5212 
5333 
5458 
5585 

5715 
5848 
5984 
6124 
6266 

6412 
6561 
6714 
6371 
7031 

7194 
7362 
7534 
7709 
7889 

8072 
8260 
8453 
86.S0 
6851 

9057 
9268 
9484 
9705 
9931 


8 


8221 
3296 
3373 
3451 
3532 


3614 

3698 
3784 
3873 
3963 

4055 
4150 
4246 
4345 
4446 


3228 
3304 
3381 
3459 
3540 

3622 
3707 
3793 
3882 
3972 

4064 
4159 
4256 
4355 
4457 


4550  4560 


4656 
4764 
4875 
4989 


4667 
4775 
4887 
5000 


5105' 5117 
5224 1  5236 
534615358 
5470  5483 
5598. 5610 


5728' 5741 
5861  5875 
5998  6012 
6138  6152 
6281  6295 


6427 
6577 
6730 
6887 
7047 

7211 
7379 
7551 
7727 
7907 

8091 
8279 
8472 
8670 
8872 

9078 
9290 
9506 
9727 
9954 


6442 
6592 
6745 
6902 
7063 

7228 
7396 
7568 
7745 
7925 

SI  10 
8299 
8492 
8690 
8892 

9099 
9311 
9528 
9750 
9977 


Proportional  Pcrts. 


i  I 


1 

2 
2 

2 
2 

2 
2 

2 
2 


2 
2 
2 
2 
2 

2 
2 
2 
2 
2 


2 
2 
2 
2 


2 
2 
2 

2 


2 
2 
2 
2 


2 
2 
2 
3 


8 
3 
3 
3 


3 
3 
3 
3 
3 

3 
3 

31 

4 


4 
4 

4 
4 
4 

4 
4 
4 
4 
5 
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2 

2 
2 


2 

3 
3 
3 


3 
3 
3 
3 


3 
3 
3 
3 


4 

4 
4 
4 


4 
4 
4 
4 


i\i 


6 
6 
6 
6 
6 

6 
6 

7 
7 


3 
3 
3 
3 
S 

3 
3 
3 
4 

4 

4 
4 

4 
4 
4 

4 
4 

4 
4 
5 

5 
5 
5 
5 
5 

5 
5 
5 
6 
6 

6 
6 
6 
6 
6 


7 
7 
7 

7 
8 
8 
8 
8 

8 
8 
9 
9 
9 


4 
4 

4 
4 

4 

4 
4 
4 
4 
5 

5 
5 
5 
5 
5 

5 
5 
5 
6 
6 

6 
6 
6 
6 
6 

7 
7 
7 
7 
7 

7 
8 
8 
8 
8 


6 


4 
5 
5 
5 
5 

5 
5 
5 
5 


7 

8 

5 

6 

5 

6 

5 

6 

6 

6 

6 

6 

6 

7 

6 

7 

6 

7 

9 

7 

7 
7 

7 
7 

7 
8 
8 
8 
8 


7  8 

8  9 
8  9 
8  9 

8    9 

I 
• 

8  9 

9  10 
9;  10 
9,  10 
9  10 


8 
8 


9 


9  11 
10, 1 1 
10)11 
9;  10' 11 
9  10;  12 


12 
12 
12 
13 
13 


9;  10  12  13 
9i  11' 12  14 
9;  11;  12.  14 


9  10 
9  11 
8;  10;  11 

8  10,11 

9  10,  11 


9  11 
10:11 


13  14 
13  15 


8il0jI2 


8il0il2 
9  10:12 

9;ii  12 

9ill   13 


9  11 

9  11 
10  12 
10  12  14 

10  12:14 


13 
13 
14 


10 

11' 

11 

11 

11 


'2| 


15 
15 
15 
16 
16 


13  15 

13  15 

14  16 
14  16 

14  16 

t 
I 

15  17 
15  17 

15  17 

16  18 
16  18 


17  19 

17  19 
17!20 

18  20 
18*20 


J 


CONSTANT   LOGABITHMS. 


M       U 


U 


M 


Circimiil  of  circle  when  R  ^ 
Area  of  circle  wlien      22*  >» 

Sfufibce  of  sphere  when  B^  a. 

U  U        U  M  J^^m 

M  41         (I  M  Ckb 

Sdiditj  of  Sphere  when  iS* «» 

!?•  — 


u 


M 


tt 


rithmi. 

(29V   =  6^82)  0.7982 

,    (tt    .    8.1416)  0.4971 

,    (n    «.    8.1416)  0.4971 

,    Q    .    0.7854)  9.8951 

1 

,    (|;j—    0.0796)  8.9008 

,    (An  —  12.5664)  1.0992 

,    (tt    »i    8.1416)  0.4971 

,    (i    1-1    0.8188)  9.5028 

,    (|7r«-    4.1888)  0.6221 

,    Q    a.    0.5286)  9.7190 

,    (^—   0.0169)  8.2275 


Weight  of  one  litre  of  Hjdrogen  (0.0896  grammes)  8.9522 

u       u    u     u     uj^  (1.298  «      )  0.1116 

«♦        «     «      «      «    a  (14.43     criihs     )  1.1594 

Per  cent  of  Oxjgen  in  air  bjr  weight    (0.2818)        9.8651 

"      "     "Nitrogen"  "    "       **         (0.7682) 

Mean  height  of  Barometer 

Coefficient  of  expansion  of  Air 

Latent  Heat  of  Water 

«        «      **  Free  Steam 


(76  cm.) 

(0.00866) 

(79) 

(587) 


9.8855 
1.8808 
7.5685 
1.8976 
2.7800 


Ax.Gok 
Log. 

Oiiois 

9.5028 

9.5028 

0.1049 

1.0992 

8.9008 

9.5028 

0.4971 

9.8779 

0.2810 

1.7724 

1.0478 
9.8884 
8.8406 
0.6849 
0.1145 
8.1192 
2.4365 
8.1024 
7.2700 


To  reduce  0ii.(9r.  ^  3p.  6r.,  or  rererse,  add  to  log.  1.1594  or  8.8406 

"        "     Sp.  Gr.   to  Sp.Gr^''       "         u    a  a  5.9522  or  4.0478 

•*       *     QpMx.^Sp.Gr^*'       «         «    u  «  7.1116 or 2.8884 

«       M     grammes  to  criths,  ^      »        wu  u  i.0478  or  8.9522 


INDEX, 


The  nninben  of  thU  Index  refer  to  peges;  those  following  duhee  are  referencee  to 
reactions,  faito  which  the  given  sabetance  enters  as  an  Important  factor. 


A. 

Aoetaoetic  Ether,  578. 
AceUl,  M7. 

Acetamide,  444.— 446, 669. 
Acetanilide,  584. 
Acetate,  Aldehyde,  567. 

"        Sodic  569. 
Acetic  Acid,  01,  565,  568,  578.-96,571, 
575. 
«     Aldehyde,  578. 
"     Ether,  564.  —  84,  578. 
Acetone,  567. 
Acetonitrile,  568. 
Aoetophenone,  582. 
Acetyl,— 98. 

"      Chloride,— 79,  548. 
Acetylene  Series,  557,  569. 
Acidity  of  Baseii,  117. 
Acid  Kadicah,  106. 

**   Salts,  110. 
Adds,  Alcohol,  573. 

**   Classes  of  organic,  569. 
**    Deanition  017106. 
*<   Dibasic,  570. 
•<   Monobasic,  569. 
'*    Tribasic,  572. 
Aconitic  Acid,  572. 
Acr^'Iic  Acid,  570. 

''      Series,  570. 
Addition  Products,  661. 
Adhesion,  14,  55. 
Affinity,  Chemical,  178. 
Agalmatolite,  411. 
Agate,  526. 

Agents,  Explosive,  176. 
Alabaster,  837. 
Albite,  411. 
Albumen,  600. 

Alcohol,  113,  664,  581. —66, 101,  862,  68S, 
570,  571,  572,  578,  582. 
Acids,  572. 
Classes  of,  564. 
Iso,  562. 
Methyl,  561. 
Radicals,  98. 
Secondary,  562. 
Tertiary.  562. 
Triatomic,  666. 


C4 
(i 
tt 
•i 
C( 

c« 

M 


Aldehyde,  668,  664,  667.  — 668,  670. 

'*        Acids,  578. 
Alisarine,  587. 
Alkali,  Definition  of,  104. 
'«      Fixed,  448. 
<'      Volatile,  448. 
Alkalme  Sulphides,  818. 

**      Sttlphohydrates,  818. 
Allanite,  423. 

AUotropism,  141.-811,  816,  452. 
AUyl,  102,  566. 
AUylic  Alcohol,  566. 
Alptiatolnylic  Add,  682. 
Altaite,  827. 
Alnminates,  415. 
Alominic  Acetate,  416. 
"       Chloride,  416,  416. 
*'       Hydrate,  410,  415. 
"       Nitrate,  415. 
"       Oxide,  416. 
'*       Sulphate,  410,  414,  416. 
'<       Sulphide,  417. 
Alnroinite,  410. 
Aluminum,  410. 

**  Bronae,  413. 

Alums,  326,  378,  402,  411,  418. 
Alum-etone,  410. 
Alunite,  410. 
Alunogen,  410. 
Amethyst,  526.  ' 

Amides,  444,  674. 
Amidobenzol,  584. 
Amido  Compounds,  584. 
Amidogen,  57,  444. 
Amines,  443,  574. 

Ammonia,  105,  441.— 54^  66, 106,  484,  567. 
Ammonic  Carbonates,  448.  —835,  446. 
Chloride,  448.  —  66,  446. 
Dichromate,  401. 
Hydrate,  105. 
Nitrate,  439. 
Nitrite,  434. 
Oxalate,  547. 
Silioo-fluorid^  633. 
Sulphide,  816,  318.  —355. 
Sulphohydrate,  318. 
Ammonides,  443. 
Ammonio<obalt  Bases,  372. 
Ammonio-magnesic  Phosphate,  360. 
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Ammonio-oiAnguioiu  Salts,  977. 
Ammonio-platinic  Chloride,  607. 
Ammonio-platinous  Chloride,  608. 
Ammonio-pUtinum  Banes,  506. 
Amroonio-stAnnic  Chloride,  516. 
Ammonium,  105,  446. 
Alam,  411. 
Bases,  449. 
Compounds,  446. 
Amp^'s  Law,  23. 
Amvl,  97. 

Analame,  411,  566^  587. 
Analysis,  9. 

Analj'tlcal  Reaction,  58. 
Andalusite,  411. 
Andesine,  587. 
Anglesite,  840. 

Anhydrides,  Acid,  106.— 669. 
'»»  Basic.  105. 

"         of  Organic  Acids,  115. 
Anhydrite,  837. 
Aniline,  443,  584. 

Animal  Kingdom,  ProTince  of,  590. 
Ankerite,  381. 
Annabeigite,  368. 
Anorthite,  411,  536. 
Anthracene,  586,  587. 
Anthraquinone,  587. 
Antimoniate  of  Antimony,  469. 
Antimonic  Acid,  468. 

'*         Anhydride,  469. 
"         Chloride,  466. 
*'         Sulphide,  474. 
"         Sulphocloride,  466. 
Antimonions  Bromide,  466. 

Chloride,  465.  —  467,  469. 
Fluoride,  466. 
Hydrate,  84. 
Iodide,  466. 
Oxide,  466.  — 463. 
Sulphate,  465. 

Sulphide,  470.— 316, 464, 465. 
Antimoniuretted  Hydrogen,  469. 
Antimony,  463. 

and  Alcohol  Radicals,  470. 
'*   Chlorine.  465. 
"  Hydrogen.  469. 
"  Oxygen,  466. 
»»   SuTphur,  470. 
"  Zinc,  470. 
Butter  of,  465. 
Glance,  463,  470. 
Oxichloride  of,  465. 
Antosone,  312. 
ApatitCj  489,  338. 
Apjohnite,  411. 
Aqua  Ammonia,  447. 

^*    Regia,426. 
Aregonite.  335. 
Aigentic  Arsenite,  458. 
Bromide,  305. 
Chloride,  305. 
Iodide,  305. 

Nitrate,  304.  — 54,  56,  78,  447. 
Oxalate,  545. 
Oxide,  305.  — 449. 


u 
(t 
tl 
(t 
(t 
u 
u 


(4 
(t 

u 
tc 
l( 
It 
It 
it 
tl 


it 
it 
it 
il 
it 
it 


ii 

(i 
ti 
«( 
it 
ii 
ii 
ti 


ii 
ii 


Argentic  Fteroxide,  805. 
**      Sulphate,  — 76. 
''      Sulphite,  821. 
Anenic,  467. 

Acid,  450. 

and  Alcohol  Radicals,  460. 
*<  Chlorine,  462. 
'*  Hydrogen,  459. 
<*  Iodine,  462. 
**  Sulphur,  462. 
Anhydride,  459. 
Gomponnds  with  Bromine,  462* 
Aneni^  of  Tin,  460. 
Arsenious  Anhydride,  459.  —  458. 
*'        Bromide  and  Iodide,  461. 
<«        Oxide,  458. 
'   '<        Sulphide,  468. 
Arsenites,  458. 

Arseniuretted  Hydrogen,  460. 
Arsines,  459. 
Artiad  Elements,  809. 
Artiads,  Definition  of,  81. 
Atacamite,  369. 
Atmosphere,  156. 
Atomicity,  82. 

'•         of  Acids,  116. 
'<         Radicals,  81. 
Atomic  Ratio,  529. 
•'      Weight,  89,  45. 

Weights,  Relations  of,  270. 

"       accurately     detennine^ 
278. 
Atoms,  Definition  of,  24. 
**      Dominant,  87. 
"      Negatiye,  227. 
"      PosiUve,  227. 
**      Qnantiyalence  of,  82. 
'<      True  Idea  of,  95. 
Atom-fixing  Power,  80. 
Augite,  350. 
Auric  Salts,  426. 
Auriferous  Quartz,  425. 
Aurous  Salts,  426. 
Axinite,  429. 
Azobenzol,  584. 
Azoxibensol,  584. 
Azurite,  358. 

B. 

Baric  Chloride,  389.  —  54. 
«    Hydrate,  340.  — 106. 

Nitrate,  339. 

Oxide,  340.— 54. 

Peroxide,  340.  —  282. 

Sulphide,  840. 
Bario-stannous  Chloride,  616. 
Barium,  339. 
Bases,  Definition  of,  104. 
Basic  Ferric  Hydrates,  388. 
**    Radicals,  106. 
"    Salts.  110. 
Basicity  ot  Acids,  116,  546. 
Beauxite,  410. 
Benzamide,  102,  444. 
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B«nzoin  Acid,  681,  682. 
'*      Alcohol,  681. 
"      Aldehyde,  581. 
*'      Gum, '681. 
Benzol,  577,  57d,  688 — 486. 
Benzophenone,  682. 
9erthierite,  472. 
Beo'C  420,  536. 
Berzeiianite,  326. 
Bessemer  Process,  885. 
Bismuth,  474. 

''       and  Alcohol  BmUcsIs,  474. 

Basic  Nitrate,  476. 

Compounds  with  Chlorine,  475. 
*♦  r  "  Oxygen,  476. 
**  «*    Sulphur,  476. 

Glance,  474. 

Ma^stery  of,  476. 

Oxidilonde  of,  476. 
Bismnthic  Compounds,  476. 
Bismuthous  Compounds,  474,  476, 476. 
Black  Ball,  298. 
Blast  Furnace,  388. 
Bleaching,  287,  321,  480. 
'*         Powder,  836. 
Blende,  351. 
Bloom,  383. 
Bloomery  Forge,  888. 
Blue  Pill,  361. 
Blue  Vitriol,  358. 
Bog  Ore.  381. 
Bone-black,  538. 
Boracite,  433. 
Borates,  430. 
Borax,  431.— 430. 
Boric  Acid,  430.  — 109. 
»*    Anhydride,  100,229.— 480,482. 
'<    Bromide,  432. 
"    Chloride,  432. 
"    Fluoride,  432. 
"    Sulphide,  488. 
Borofluonc  Acid,  432. 
Boron,  429. 
Botryogen,  881. 
Boumonite,  471. 
Brackets,  Use  of,  99. 
Brannite,  376. 
Breithauptite,  368. 
Bricks,  412. 
Brilliant  Yellow,  458. 
Britannia  Metal,  465,  614w 
Brochantite.  358. 
Brombenzol,  579. 
Bromine,  290.  —559,  561. 
Bromtolnol,  580. 
Brookite,  611. 

Brown  Clay  Iron-stone,  881. 
Brown  Hematite,  381. 
Brucite,  348. 
Brunswick  Green,  869. 
Bunsenite,  368. 
Bunsen  Cell,  223. 
Burning,  156. 
Butane,  557. 
Btttene,  657. 
Batine,  657. 
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Butyl,  97,  662. 
Bntylic  Alcohol,  666. 

c. 

Cacoxenit«,  882. 
Cadmio-Zirconic  Fluoride,  620. 
Cadmium,  862. 
Ciesium,  300. 
Calamine,  351. 
Calcareous  Marl,  386. 
Calcic  Acetote,  667. 
*'     Carbonate,  385.  — 889. 
Chloride,  838. 
Chromate,  406. 
Fluoride,  838.— 287,  462. 
Formate,  567. 

Hydrate,  886. —105, 119, 819. 
H^iMMulphite,  322. 
Nitrate,  838. 
Oxalate,  644. 
Oxide,  336. 
Peroxide,  337. 
Persnlphide,  819. 
Phosphate,  387.  —  461. 
Silicate,  388. 
Sulphate,  837.— 819. 
Sulphide,  819. 
Sulphite,  821. 
Calcined  Magnesia,  848.      ^ 
Caldte,  335. 
Calcium,  336. 
Calomel,  362. 
Calorific  Intensity,  161. 

'*       Power,  169, 164. 
Calorimetry,  168. 
Carbolic  Acid,  680,  688. 
Carbon,  688.  — 166,  646. 

'*      Nucleus,  556. 
Carbonic  Acid,  642. 

"        Anhydride,  641.-644. 
"        Dioxide,  541. 
"        Monoxide,  542. 
<*        Sulphide,  646.  —  660. 
Carbonyl,  57,  646. 
Carboxyl,  668,  669. 
Camallite,  300. 
Camelian,  526. 
Carr^^s  ApparatoB,  442. 
Cassiterite,  614. 
Caustic  Potash,  800. 

«'      Soda,  298. 
Celestine,  338. 
Cementation,  885. 
Cerite,  428. 
Cerium,  428. 
Cerusite,  840. 
Ceryantite,  469. 
Chabazite,  411. 
Chains,  Closed,  677, 679. 

"      Open,  556. 
Chalcoetibite,  472. 
Chalcotrichite,  357. 
Chalcedony,  526. 
Chalk,  381^. 
Chameleon  Mineral,  879. 
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Chtfooal,  638. 

"       Animal,  638. 
Chemical  Affinity,  178. 

"       Change,  Characteristics  of,  8, 161. 
**       Processes,  10. 
Chemistry,  Definition  of,  3. 

'*  Physiological,  688. 

Chili  Saltpetre,  399. 
Chinoline,  686. 
Chiolite,  410. 
Chloanthite,  368. 
Chloraeetic  Acid,  86. 
Chlorhydrines,  403,  669. 
Chloric  Acid,  289. 

*'      Peroxide,  289. 
Chlorine,  287.-288,  432,  434,  336,  40L 
633,  649,  662. 
'*       Compounds  with  Oxygen,  289. 
Chlorite,  350,  412. 
Chlornaphthaline,  687. 
Chlorochromic  Anhydride,  406.  —  40L 

''  Oxide,  406. 

Chloroform,  — -  66,  79. 
Chlorous  Acid,  289. 

'"       Anhydride,  288. 
Choke-Damp,  641. 
Chromates,  404. 
Chromatic  Spectra,  191. 
Chrome  Alum,  402. 
''      Green,  401,  406. 
"      Iron,  400. 
'*      Orange,  406. 
"      Yellow,  406. 


Chromic  Anhydride,  406. 
"       Chlorhydrines,  4 
Chloride.  403. 
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Fluoride,  406. 
Hydrates,  402.  — 106. 
Nitrate,  403. 
Oxalates,  402. 
Oxides,  401. 
Sulphates,  402. 
Sulphides,  407. 
Chromite,  400. 
Chromium,  400. 
Chromous  Chloride,  400. 
"         Hydrate,  401. 
Chrynobervl.  420. 
Chrysolite!;  360. 
Cinnabar,  360. 
Cinnamic  Acid,  682. 
Citraconic  Acid,  671. 
Citric  Acid,  672,  673. 
Classification,  Chemical,  263. 
'*  Grounds  of,  264. 

"  Scheme  of,  266. 

Clay  Iron-stone,  380. 
Clays,  411. 
Cleavage,  269. 

'*       Eminent,  259. 
Coal,  638. 

**    Tar,  677. 
Cobalt,  370. 

**      Ammonio-Bases,  372. 
'*      and  Oxvgen,  371. 
•*      Bloom,  370. 
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Cobalt  Vitriol,  870. 
Cobaldcyanides,  873. 
Cobaltine.  370. 
Coeflicient  of  Expansion,  18, 

*'         of  Absorptbn,  160. 
Cohesion,  14.  —  66. 
Coke,  639. 
Coloothar,  380. 
Colloids,  162. 
Color,  190. 
Columbite,  496. 
Coinmbiom,  496. 

**  Compounds  of,  486,  406. 

Combustion,  156. 

<'  Heat  of,  168. 

Common  Salt,  297. 
Compound,  Definition  of,  7,  10. 

'<         Radicabs,  57,  106. 
Compounds,  Classes  of,  82,  103, 1^  ^  ^ 

Copper,  366.  t  ^.  l 

**       Ammoniated  Comjpounds,  369. 
Compounds  with  Oxygen,  868. 
Fluohydrate,  369. 
Glance,  369. 
Pyrites,  366,  369. 
Salts,  358. 
Coquimbite,  381. 
Corrosive  Sublimate,  863. 
Corundum,  410. 
Covelline,  369. 

Cream  of  Tartar,  300.  —298,  467. 
Crith,  2. 
Crocoite,  400. 
Crocus  Martis,  390. 
Ciyolite,  287,  410. 
Crystalline  Axes,  246. 
Form,  244. 

"      Identity  of,  263. 
Structure,  25^. 
Symmetry,  244. 
Systems,  '245. 
Crystalloids,  152.  , 

Crystals,  Irregularities  of,  266. 
*'       Modifications  on,  260. 
"        Twin,  257. 
Cuminic  Acid,  681. 

''      Aldehyde,  681. 
Cnmvlic  Alcohol,  681. 
Cupellation,  304. 
Cupric  Carbonates,  358. 
*^      Chlorides,  359. 
"      Hydride,  859. 
*'      Nitrates,  359. 
"      Oxider367.  — 108. 
**       Oxichloride,  369. 
*'      Phosphate,  359. 
**      Silicate,  359. 
"^      Silico-fluoride,  633. 
**      Sulphate,  358.  — 73. 
"      Sulphides,  359. 
Cuprous  Chloride,  869. 
Current,  Electric,  Negative,  212,  229. 
"  "        PosiUve,  212, 229. 

Strength  of,  219. 
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Cnmnt,  Electric,  Unit  of,  SS9. 
Cyanates,  551,  574. 
C^anicAcid,  551.  — 101. 

*»     Ethers,  676.— lOL 
Cyanides,  548,  574. 
Cyanite,  411. 
Cyanogen,  546,  574. 

*'        Compounds  with  Chlonne,  548. 

't        Gas,  547. 
Cyanuric  Acid,  551,  576. 

D. 

Danbarite,  429. 

Dark  Red  Silver  Ore,  904. 

Datholite,  429. 

Decipiuni,  598. 

Definite  Proportions,  Law  of,  9. 

Dial3'sis,  153.  ^ 

Diamido-phenyl,  586. 

Diammonic-ferric  Sulphate,  388. 

Diamond,  539. 

Diaspora,  410. 

Diatomic  Acids,  116. 

Diazo  Compounds,  585. 

Dibasic  Acids,  116,  467,  572. 

Dicyandiamide,  576. 

Dicyanic  Acid,  551. 

Di^mium,  423. 

Dilhision,  Gaseous,  164. 

««         Liquid,  162. 
Dimethvlbensol,  578. 
Dimetrfc  System,  246. 
Dimorphism.  139,  453,  363. 
Dinitrobenzol,  583. 
Dioptase,  369. 
Dipnenylamine,  584. 
Diplumoic  Chromate,  405. 
DisinfectanU,  287, 32L  «    ,    ^   ^, 

Dissociation,  136,  180,  832  Prob.  88,  894 

Prob.  80. 
Dolomite,  349. 
DrummonA  Light,  336. 
Dufrenite,  382. 
Dufrenoysite,  463. 
Dutch  Oil,  558. 


E. 


Earthen-ware,  412. 

Earthy  Cobalt,  371.  «^  ««^ 

Electrical  Conducting  Power,  208,  220. 

**       Measurements,  233. 

«*       Resistance,  211,  221. 

"       Units,  235. 
Electric  Current,  210,  218,  229. 
Electricity,  208. 

"  Intensity  of,  219. 

"         Quantity  of,  216. 
Electrolysis,  228. 
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Electromotive  Force,  216,  217,  223. 
«*  *'     Unit  of,  228. 

Electroplating,  226. 
Elementary  Substances,  266. 


Elementi,  7. 

Clasaes  of,  263. 

Distribution  ot  8. 
Individuality  of.  95. 
Periodic  Law  ot,  265. 
Table  of  the  Natural  Anange- 
ment,  267. 
Emerald  KidLcl,  368. 
Emery,  410. 
Emplectite.  477. 
Euargite,  463. 
Endothermous  Bodies,  174. 
Epidote,  412,  536. 
Epeom  Salts,  348. 
Equivalency,  Chemical,  76. 
Equivalents,  76. 
Erbium,  422. 
Erubescite,  359. 
Erythrite,  370. 
Ethane,  557.  — 562. 
Ethene,  557. 

Etiien,  113,  576.-666,  578. 
Ethine,  557. 
Etiiyl,  97,  562. 

'*      Mustaid  OU,  576. 
Ethyiacetamide,  575. 
Etiiylamine,  44J,  445.  — 80,  576. 
Ethylbenzol,  578. 
Ethylene,  561. 

"       Bromide,  56L— 84. 
**       Chloride,  663. 
*<       Cyanhydrine,  561. 
•«       Ether,  115. 
«•       Glycok,  116. 
Etiiylic  Acetate,  566.-569. 
*^      Alcohol,  662,  563. 
Bromide,  56l. 
Chloride,  562.  — 669. 
Cyanide,  570. 
Ether,  566. 
Glycol,  663. 
Hydride,  557. 
Nitrate,  666. 
Ethvlidene  Chloride,  563,  667. 
Essential  Oil  of  Cumin,  581. 
Eudlalyte,  520. 
Euxenite,  495,  521. 
Exchanges,  Theory  of,  208. 
Exothermous  Bodies,  174. 
Expansion  by  Heat,  18. 
Explosive  Agento,  175. 


P. 

Fat  Acids,  113,  569. 

**       Isomers  of,  575. 

Fayalite,  382. 
Felspars,  411. 
Fergusonite,  495. 
Fermentation,  588. 
Ferrates,  391. 
Ferric  Acetate,  388. 

''     Arseniates,  382. 

«•     Chloride,  388,  889. 

**     Ferrocyanide,  549. 

'•     Hydrates,  381,  389. — 106. 
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Ferric  Kitmte,  388. 
"*     Oxalate,  aSS. 
Oxide.  380,  390. 
Phosphates,  382. 
Silicates,  382. 
Sulphate,  381,  388. 
Sulphidee,  381. 
Ferricyanides,  650. 
Ferrocyanidee,  549. 
Ferrous  Carbonate,  381. 

Chloride,  387,  389. 

Ferric  Oitide,  378,  390.-560. 

Hydrate,  387.  — 106. 

Nitrate,  387. 

Oxalate,  387. 

Oxide.  390. 

Phosphate,  387. 

Sulphate,  387.. 

**       Dipotassie,  395. 
Sulphide,  390.  — 316. 
Fibroferrite,  381. 
Fire-Damp,  568. 
Fittig's  BeactioD,  578. 
Fliut,  526. 
Float  Stone,  526. 
Fluorine,  287. 
Fluor  Spar,  388,  287. 

Formic  Acid,  548,  565 669,  671,  675. 

Fonterite,  537. 
Fowler*s  Solution,  458. 
Franklinite,  380. 
Freieslebenite,  472. 
Fumaric  Acid,  571. 
Series,  571. 
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6. 

Gadolinite,  422,  521. 

Gahnite,  410. 

Galena,  340. 

Gallium,  420. 

Galvanic  Battery,  219. 

Garnet,  412,  530,  537. 

Gaseous  State,  14. 

Gases,  Molecular  Condition  of,  28. 

Gas,  Illuminating,  658. 

Gay>Lu8sac^8  Law,  48. 

Genthite,  368. 

German  Silver,  369. 

Gibbsite,  410. 

Gilding,  428. 

Glass,  298,  299. 

Glaucodot,  370. 

Glockerite,  381. 

Glucinum,  420. 

Glucose,  589. 

Glycerine,  116,  663. 

Glyceryl,  176. 

'"       Chloride,  — 84. 
Gl3'cocol,  — 102. 
Glycol,  115,  663. 
Glycolic  Acid,  116,  572. 
Gold,  425. 

"     Bromide,  427. 

'*     Chloride,  426. 

'*     Iodides,  427. 
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Gold,  Oxides,  4S7. 

''     and  Sodium,  487. 

**     Sulphides,  427. 

''     Thiosulphite,  427. 
Gothite,  378,  881. 
Granites,  412. 
Graphite,  539,  540. 
Graphitic  Add.  539. 
Gray  Iron,  383. 
Greenockite,  353. 
Green  Stone,  412. 

*"     Vitriol,  381,  386. 
Grove  Cell,  222. 
Guanjdine,  676. 
Guano,  338. 
Gum  Bensoin,  681. 
Gunpowder,  300. 
Gypsum,  316,  337. 

H. 

Hallovsite,  411. 
Halotrichite,  411. 
Hard  Water,  335. 
Harmotome,  411,  536. 
Hauerite,  376. 
Hausmannite,  376. 
Heat,  16. 
**     of  Chemical  Combioitam,  165. 

of  Combination,  169. 

of  Combustion,  158. 

Expansion  by,  18. 

Investigation,  Methods  of,  168. 

Latent,  21. 

Sources  of,  22. 

Specific,  22. 

Unit  of,  18. 
Heavy  Spar.  339. 
Hematite,  380. 
Hemihedral  Forms,  252. 
Hemltropes,  258. 
Hercynite,  410. 
Hessite,  327. 
Heulandite,  411,  537. 
Hexagonal  System,  247. 
Hippuric  Acid,  445,  102. 
Holmium,  598. 
Holohedral  Forms,  253. 
Homologous  Series,  556. 
Homologues,  566. 
Hornblende,  350. 
Horn  Silver,  304. 
'*    Stone,  626. 
Hydrates,  103,  431. 
Hydrazines,  585. 
Hydrazobenzol,  584. 
Hydric  Oxide,  281. 

Peroxide,  282. 

Persulnhide,  318. 

Selenide,  3^. 

Sulphide,  316.  —  317,  318,  389. 

Telfuride,  327. 
Hydriodic  Acid,  291.  — 107. 
Hydrobiomic  Acid,  291.  — 107. 
Hydrocarbon  Radicals,  567. 
Hydrocarbons,  556,  577. 
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HydipchinoD,  681. 

HrdrocUoric  Aefd,  988.-107,  i87, 

343,  441. 

Hydn)CTmiilc  Add,  M7.  —  68,  313,  675. 
Hydrofloobortc  Acid,  432. 
Hydroflnoric  Acid,  2B7. 
HydrogBD,  281.— 282.  460. 

*«  Alcoholic  Atoms,  117,  445. 

'*  Basic  Atoms,  117,  446. 

Hydrogenlum^  505. 
Hydroma^esite,  349. 
H  jdro-«il]dc  Fluoride,  682. 
H^'^dro-titanic  Fluoride.  512. 
Hydroxvi  and  its  Analogues,  282,  310. 
Hypochlorous  Add,  289. 

'*  Anhydride,  289. 

HyponitTous  Add,  498. 
Hypophosphorous  Add,  452,  466. 
Hyposulphites,  322. 
Hyposttlphurous  Add,  820,  822. 


Ignition,  Point  ol^  163. 
Ilvalte,  882,  537. 
Imldes,  446,  574. 
IndeUble  Ink,  304. 
Indigo  Copper,  359. 
Indium,  421. 
Iodic  Acid,  32L 
Iodine,  29i. 

"     and  Chlorine,  292. 
**      and  OjLygen,  292. 
loUte,  536. 
Iridium,  503. 

''      Compounds,  508. 
Iridosmine,  499. 
Iron;  380.— 58. 

Cast,  383. 

Metallurgy  of,  382. 

Olivine,  m 

Passive  Condition  of,  388. 

PjTites,  315,  381. 

Wrought,  383. 
Iso-«dds,  571. 
Isocyanic  £ther,  57&. 
Isologue,  557. 
Isomerism,  138. 
Isometric  System,  245. 
Isomorphism,  86. 

Isomorphous  Mixtam^  Notitfioa  lor,  472. 
Itaoonic  Acid,  571. 
Ivory-Black,  538. 


it 


Jamesonite,  472. 
Jarosite,  381. 
Jasper,  526. 


E. 


Kakody],  46L 
Kaolinite,  411. 
Ketone  Adds,  573. 


Ketones,  668,  666,  667,  682. 
Kizdihdrs  Law,  285. 
KisMirite,  360. 
KobeUite,  477. 
Kupfemickel,  368. 


Labradorite,  411. 

Lactamide,  445,  446. 

Uctic  Acid,  U7,  672,  678,  689. 

Lactimide,  446. 

Lactmethane,  446. 

Lactone,  573. 

Lakes,  414. 

Lamp-Black,  638. 

Lanthanite,  423. 

Lanthanum,  423. 

Lapis  LaxuO,  412. 

Laughing  Gas,  439. 

Lava,4l3. 

Law  of  Amp^  23. 

Definite  Proportions,  9. 

Gay-Lussac,  67. 

liariotte,  16L 

Multiple  Proportions,  IL 

Ohm,  222. 
Laznlite,  41L 
Lead,  340. 
Leucite,  411,  636. 
Leukon,  534. 
Light,  187. 

Light  Red  SUverOre,  304. 
Lime,  336.  — 104. 

'*     Chloride  of,  336. 
Limestone,  335. 
Ume-Water.  336. 
Limnite,  381. 
Limonite,  381. 
Limueite,  370. 
Liquation,  470. 
Lia  uid  SUte,  14. 
Litharge,  341. 
Lithium,  300. 
Loadstone,  385. 
Lunar  Caiistfe,  304. 
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Magnesia  Alba,  349. 
Magnesic  Carbonate,  349. 

Chloride,  350. 

Hydrate,  348.  — 104. 

Oxide,  348. 

Silicates,  350. 

Sulphate,  349. 
Magnesioferrite,  380. 
Magnesite,  348. 
Biahnesium,  348.— 84. 
Magnetic  Pyrites,  381. 
Magnetite,  380. 
MaUchite,  358. 
Malacone,  521. 
Ma  eic  Acid,  571. 
Ma  ic  Add,  572,  578. 
Malonic  Acid,  571. 
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Manganblende,  S79. 
Manganese,  -376. 

**         Brown,  877. 

Red  Oxide  of,  877. 

**         Swu;,  376. 
Hangmnic  Chloride,  878. 

*'       Dioxide,  879. 

•*       Hydrate,  878. 
Manganite,  876. 
Hanganocalcite,  876. 
Maiiganoas  Compounda,  876. 

SUico-fluoride,  688. 
Marble,  885. 
Marcaute,  381. 
Mariotte^s  Law,  15. 
Harsh  Gaa,  558. 

"         Series,  557. 
Massioot,  841. 
Heasures,  French,  597. 
Melaronite,  357. 
MeiliUc  Acid,  582. 
Menaccanite,  380. 
Heueghinite,  471. 
Mercaptan^  573. 
Hercuramine,  364. 
Mercuric  Chloride,  868. 

'*       Cyanides,  547. 
*'       Iodide,  363. 

•*       Kitrate,  861.— 868. 

"       Oxide,  861. 

'*       Sulphate,  362. 

**       Sulphide,  362.— 860. 
Merciuons  Chloride,  362. 

*«        Chromate,  401. 

*«        Nitrate,  361. 

*«        Oxide,  861. 

*'         Sulphate,  361. 

**         Sulphide,  362. 
Mercury,  360. 

^  *    Ammoniated  Compoimds,  864. 
Mesitite,  381. 
Meta-antimonic  Acid,  468. 
Metaoxibenzoic  Acid,  582. 
Metallic  Comj^iinds,  577. 
Metaphosphoric  Acid,  453. 
Metastannic  Hydrate,  517. 
Metathesis,  Conditions  of,  55. 
Metathetical  Reaction,  54. 
Meta-xylol,  578. 
Methane,  557. 
Methyl,  98,  562. 

"       Alcohol,  565,  578. 
**       Bromide,  565. 
"        Ether,  673. 
*'       Mercaptan,  578. 
'*       Sulphide,  573. 
Methylamine,  443,  575. 
Methylaniline,  584. 
Methylbenzol,  578. 
Mlarg}Tite,  472. 
Mica,  350,  412. 
Microcosmic  Salt,  454. 
Microcrith,  24. 
Millerite,  368. 
Mimetine.  343,  489. 
Minium,  841. 


Mispickel,  881.  457. 

Mixtures,  Distinction  fram  Gompoonds,  10. 

Molecular  Condition  of  Gases,  23. 

**        Compounds,  136. 

"        Structuro.  85,  554, 566,  587. 

«*        Theory,  12. 

"        Weight,  23. 

**  *^      Determination  of,  182. 

Molecules,  Constitution  of,  135. 

'«        Definition  of,  12. 

"        Sum  of  Atomicities,  187. 
Molybdate  of  Ammonia,  328. 
Molybdenite,  328. 
Molybdenum,  328. 
Molybdic  Anhydride,  828. 
Monazite,  521. 
Monobasic  Acids,  569,  572. 
Monodinic  Svstem,  248. 
Monometric  System,  245. 
Mordants,  414. 
Morphine,  460. 
Mortar,  336. 
Mosaic  Gold,  518. 
Multiple  Proportions,  Law  of,  11. 
Mundic,  890. 
Muriatic  Acid^  288. 
Mycodenna  vini,  689. 

t 

Nagyagito,  827. 

Names  of  Binary  Compounds,  126. 
**     of  Elements.  126. 
"    of  Temaiy  Compounds,  128. 
Naphthaline,  586. 
Natrolite,  411,  536. 
Natural  Colors,  190. 
Naumannite,  826. 
Needle  Ore,  477. 
Niccoliferous  Smaltine,  368. 
Nickel,  368. 

**      and  Oxygen,  869. 
Glance,  3^. 
Green,  368. 
"      Vitriol,  368. 
Nickelous  Chloride,  869. 
"        Cj'anide,  873. 
*<        ITitrate,  369. 
"        Sulphate,  869. 
Nicotine,  450. 
Niobium,  405. 

Nitrate  of  Diaaobenzol,  685. 
Nitres,  300. 

Nitric  Acid,  485.  —  824,  348,  436, 488,  440, 
441. 
**      Anhydride,  486. 
**      Oxide,  438.  —  436. 
**      Peroxide,  440. 
Nitrides,  513. 
Nitriles,  446,  574. 
Nitrobenzol,  583,  436,  584. 
Nitro  Compounds,  583. 
Nitrogen,  434. 

^  Bromide  of,  450. 
**  Chloride  of,  460. 
M        Dioxide,  439. 
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Nitrogen,  Iodide  of,  450. 
'^       Monoxide,  498. 
«"        Oxides  of,  435. 
"        Tetroxide,  440. 
'*        Trioxide,  437. 
Nitioeljoerine,  176. 
Kitroufl  Add,  437. 
*«      Anliydride,  438. 
«       Oxide,  439,  440. 
Nomenclature,  124. 

**  Laroiflieriftn,  198. 

Norweginm,  358. 
Notation,  51. 

o. 

Octahedrite,  612. 

(Entedi^,  521. 

01im*8  Law,  222. 

Oil  of  Bitter  Almonds,  581.  —  lOL 

'*     Mustard,  576. 

**     Vitriol,  324. 
Olefiant  Gas,  558.  ^  564. 

""         '*    Series,  557. 
Olefines,  557,  558. 
Oligoelase,  411,  538. 
Olivine,  350. 
OnofHte,  326. 
Onyx,  526. 
OoUte,S35. 
Opal,  Common,  525. 
"    Varieties,  526 
Optical  Cr}'8tallography,  261. 
Ocangeite,  521. 
Oiganic  Acidi).  Classes  of,  560. 

**       Chemistry,  552. 

"      Compounds,  552. 
Oriental  Amethyst,  Ruby,  and  Tppaz,  410. 
Orpiment,  462. 
Oithite,  521. 
Orthoaeidfl,  289,  431. 
Orthoclase,  411. 
Orthophosphoric  Acid,  452. 
Orthorhombic  System,  248. 
Ortho-3c\'lol,  bli. 
Osmic  Compounds,  501. 
Osmium,  501. 
Oxalic  Acid,  543,  571. 
Oxidation,  310. 
Oxides,  MetalUc,  105. 
Oxygen,  309.  —  156, 171, 185. 

"       Compounds,  310. 

<*       Ratio,  532. 

'*       Salts,  111. 
Oxygenated  Radicals,  98. 
Water,  282. 
Ozone,  811. 
Osonidee,  812. 


P. 


Pachnolite,  410. 
PisUadious  Nitrate,  504. 
"        Sulphate,  50< 
Palladium,  504. 
Paiacyanogen,  547. 


Pnraffines,  557,  558. 
Parslactic  Acid,  572. 
Paraluminite,  410. 
Paraoxibensoic  Acid,  682. 
Para^x  viol,  578. 
Parentheses,  use  of,  52. 
Parisite.  423. 
Pearl  White,  475. 
PenciUium  fflaucum,  589. 
Pentane,  557. 
Pentene,  557. 
Pentine,  557. 
Perchloric  Acid,  289. 
Perchromic  Acid,  408. 
Periclase,  348. 
Perissads,  81. 
Permanganic  Add,  380. 
Perofsktte,  511. 
Petalite,  537. 
Pewter,  514. 
Pharmacosiderite,  382. 
Phenanthrene,  587. 
Phenols,  580,  583. 
Phcenioochroite,  407. 
Phosgene  Gas,  543. 
Phosphoric  Anhydride,  453. 
^'         Chloride,  456.— 101. 
'*         Oxichloride,  457. 
•*         Sulphocfaloride,  457. 
Phosphorite,  33^. 
Phosphorous  Acid,  458. — 78. 
^  Anhydride,  453. 

*<  Chloride,  458. 

''  Pentoxide,  458. 

Phosphorus,  450.  —  452. 

^*  Red,  461. 

Phosphuretted  Hydrogen,  455. 
Photography,  306. 
Physical  Properties  of  ICatter,  13. 
Physio,  Definition  of,  8. 
Pickeringite,  411. 
PinakoUne,  568. 
Pinakone,  668. 
Pink  Salt,  616. 
Pisanite,  381. 
Pitchblende,  492. 
Plaster  of  Paris,  337. 
Platinic  Compounds.  507. 
Platinous  Compounds,  608. 
Platinum,  506. 

''        Bases,  508. 
'*        Sponge,  499. 
Plnmbates,  348. 
Plumbic  Acetate,  342. 

Carbonate,  342. 

Chloride,  343. 

Chromate,  405. 

Hydrates,  341. 

Nitrate,  842.  — 58. 

Oxide,  341. 

Peroxide,  341. 

Phosphate,  343. 

Sulphate,  342. 

Sulphide,  342. 
Polarity,  211. 
Poke,  Positive  an^N^ative,  229. 
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Polybtsite,  471. 
Polymerifloi,  140,  667. 
Polymorphism,  139. 
Polysulpoidef,  574 
PorceUiQ,  412. 
Porphyry,  412, 
Potauic  Acetate,  670. 
<*       Aluminate,  300. 
Biotrbonaste,  399. 
Cftrbonate.  299. 
Chlorate,  290. 
Chloride,  300. 
Chromate,  404. 
Cobalticyanide,  378. 
Cyaoate,  651. 
Cyanide, -548.  — 549,  561. 
Dlchromate,  404. 
Dioxide,  300. 
Ethjrlate,  566. 
Ferricyanide,  550. 
Ferrocyanide,  549. 
Fluoride,  432. 
Fluotantalate,  496. 
Formate,  —  570. 
Hydrate,     300.-103,    106,    290, 

351,  879,  543,  551. 
Maoganate,  378. 
Nitrate,  300. 
Nitrite,  438. 
Oxalates,  544. 
Oxides,  800. 
Permanganate,  379. 
PersulfAide,  318. 
Pyroantimoniate,  468. 
Rutheniate,  500. 
Stannate,  517. 
Sulphide,  — 318,  546. 
Sulphocarbonato,  112.— 112. 
Sulphohydrate,  318. 
Tartrates,  300. 
Tetroxide,  300. 
Trichromate,  404. 
Potassio-ferrous  Sulphate,  325. 
Potaseio-iridic  Chloride,  503. 
Potassio-iridous  Chloride,  503. 
Potassio-magnesic  Sulphate,  350. 
Potassio-osmic  Chloride,  502. 
Potassio-palladic  Chloride,  504. 
Potassio-rhodic  Chloride,  503. 
**  Sulphate,  502. 

Potassio-ruthenic  Cnloride,  501. 
Potassio-stannous  Chloride,  516. 
Potassio-zirconic  Fluoride,  520. 
Potassium,  299. 

''  Alum,  411. 

Precipitate,  Definition  of,  54. 
^^  How  represented,  58. 

'*  When  formed,  55. 

Printing  Ink,  540. 
Propane,  557. 
Propene,  557. 
Propine,  557. 

Propionic  Acid,  569.— 571. 
Propyl,  97,  562. 
Proustite,  468. 
Pnueian  Bine,  549.. 
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PnuaUtes  of  Potash,  549,  660. 

Pnissic  Acid,  547. 

Psilomelane,  376. 

Puddling,  884. 

Purple  of  Cassina,  427. 

Pyrarporrite,  471. 

I^ridine,  585. 

Pyroantimonic  Acid,  468. 

Pj'rocatechin,  581. 

Pyrochlore,  495,  521. 

Pymlusite,  376. 

Pyromellitic  Acid,  582. 

Pyromorphite,  489. 

I^rope,  530. 

Pyrophosphoric  Acid,  452,  458. 

Pyrophyllite,  411. 

Pyroxene,  537- 

Pyruric  Acid,  673.  • 

Q. 

Quantivalenoe,  77. 

«*  of  Radicals,  82. 

Quartation,  425. 
Quartz,  525. 

"      Varieties,  526. 
Quick-lime,  336. 
Quinones,  588. 

R. 

Radical,  Atomicity  of,  82, 137. 
'<       Definition  of,  106. 
**       Substances,  56. 
Radicals,  Add,  106. 
''       Alcoholic,  97. 
">       Basic,  106. 
**       Compound,  56. 
Raimondite,  3ol. 
Rammelsbergite,  368. 
Reaction,  Definition  of,  52. 
Reactions,  Chemical,  Evidence  fomlahed 

by,  89. 
Realgar,  462. 
Red  Hematite,  380. 

**    Liquor,  415. 

'*    Ochre,  880. 

**   Oxide  of  Zinc,  351. 
Reduction,  310. 
Refracting  Power,  205. 
Refraction,  Index  of,  205. 
Remingtonite,  871. 
Replacements  by  Metals,  577. 
Resorcin,  581. 
Rhodic  SalU,  502. 
Rhodium,  502. 
Rhodonite,  376. 
Rhombohedron,  253. 
Rinroan*s  Green,  378. 
Rochelle  Salts,  298. 
Ronuin  Alum,  415. 
Rou^,  390. 
Rubidium,  300. 
Ruby,  410. 
Ruthenium,  500. 
I  Rutile,  511. 
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Sal  Ammoniac,  447. 
Saleratus,  898. 
8alicylic  Acid,  582. 
Sal  Pnmelle,  300. 
Sal  Soda,  297. 
Salt,  Microcosmic,  454. 

''   of  Sorrel,  544. 
Salts,  110. 
*'    Acid,  110, 129. 
<*     Basic,  110, 129. 
'<     Neutral,  110. 
«<     Oxygen,  112. 
*<     Sulphur,  112. 
Samarskite,  495. 
Saiid,  526. 
Sandstone,  526. 
Sapphire,  410. 
Sarcolite,  536,  537. 
Sartorite,  463. 
Scaleuohedron,  253. 
Scandium,  598. 
Scapolite,  412. 
Scheele*8  Qre«i,  458. 
Scheelite.  32a. 
Scheeltine,  329. 
Schorlomite,  382. 
Scolecite,  411. 
Scorodlte,  382. 
Selenic  Acid,  326. 
Selenite,  342. 
Selenium,  326. 
Senarmontite,  467. 
Serpentine,  350. 
Side  Chain,  578. 
Siderite,  381. 
Siegenite,  371. 
Sihca,  525. 
Silicates,  527. 

*'       Native,  529. 
"       of  Organic  Radicals,  534. 
Siliceous  Sinter,  526. 
Silicic  Acid,  526. 

Anhydride,  526. 

Bromide,  533. 

Chloride,  533.— 84,586. 

Ethers,  534. 

Ethide,  534. 

Fluoride,  532. 

Hydrates.  526. 
"     Hydride,  534. 

Hydrochloride,  584. 

lo^de,  533. 

Methide,  534. 

Sulphide,  532. 
Silico-fluoric  Acid,  532. 
Silico-fluorides,  583. 

Silicon,  525.,  ,  ^  *  /-•  ^  ^  a 
Silver,  804.  ttoJ-  Cg^^iA^  22  0 
Silver  GUnce,  304.  ^ 

Slate,  412. 
Smalt.  373. 
Smaltlne,  870. 
Sroithsonite,  851. 
Soapstone,  850. 
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Sodic  Acetate.  669. 
"    Alum.  414. 
**    Aluminate,  416. 
"    Arsehite,  462. 
•«    Bicarbonate,  298. 
*«    Carbonate,  297. -*298,  855. 
•*    Chloride,  297. 
"    Chloroplatinate,  607. 
"    Disulphate,  319..— 110,  82L 
*•    Hydrate,  298.  — 105, 107,  418.  ' 
«*    Hyposulphite,  822. 
'*    Mercaptide,  574. 
^    Nitrate,  299. 
*«    Oxide,  299. 
««    Peroxide,  299. 

'«    Phosphate,  Common,  454.  —  854. 
"    Stannate,  517. 
"    Sulphates,  325. 
**    Sulphite,  321. 
«<    Thiosulphite,  321. 
Sodio-ferric  Oxalate,  388. 
Sodio-iridic  Chloride,  503. 
Sodio-rhodic  Chloride,  603. 
Sodio-zirconic  Fluoride,  520. 
Sodium,  297.  —  561,  567,  569,  570. 
Solder,  514. 
Solid  State,  13. 

''       "     Symbol  for,  58. 
Soluble  Glass,  526. 
Solution,  148. 

''        Curves  of,  148. 
**        Differa  from  Chem.  Change,  151. 
*«        How  indicated,  53. 
«        of  Gases,  150. 
Spathic  Iron,  381. 
Specific  Gravity,  1. 

»*       of  VapoTi,  29. 
"     Heat,  22. 
Spectra  by  Absorption,  202. 

*'      Chromatic,  191. 
Spectroscope,  191. 
Spectrum  Analysis,  195. 
Specular  Iron,  380. 
Speiss,  368. 
Sphierosiderite,  881. 
Sphene,  511. 
Spiegeleisen,  384. 
Spinel,  410. 
Spodumene,  537. 
Stannates,  517. 
Stannic  Chloride,  516. 
''      Hydrate,  516. 
"      Oxide,  618. 
'*      Sulphides,  518. 
Stannous  Chloride,  515. 
•*        Hydrate,  516. 
''        Oxichloride,  515. 
"        Oxide,  517. 
*'        Sulphide,  518. 
Stephanite,  471. 
Stibines,  469. 
Stiboniums,  470. 
Stilbite,  411,  686. 
Stochiometry,  60. 

Rules  of,  61,  66,  67,  68. 
Stiontianite,  839. 


622 


INDEX. 


<« 
U 
ti 
»t 
U 
It 


Strontic  Sulphate,  ^  S80. 
''       Sulphide,  —  339. 
Strontium,  339. 

Compoonds  of,  899,  340. 
SubsUtution,  85. 

"  Prodocte,  (61, 579. 

Succinic  Acid,  571. 
Sugar,  Grape,  —  53. 
^*     of  l^ead,  342. 
Sulphaldehyde,  573. 
Sulphaatimonitea,  471. 
Sulphates,  325. 
Sulphides,  318. 
Sulphites,  321. 
Sulphoarseniates,  463. 
Sulphoanenites,  463. 
Sulpho-acids,  574. 
Sulpho-bitfRiuthites,  477. 
Sulpho-carbonic  Acid,  546. 
Sulphocyanates,  551,  576. 
Sulphohydric  Acid,  316. 
Sulphur,  315. 

'*       Compounds  with  Oxygen,  820. 

Compounds,  583. 

Flowers  of,  316. 

Liver  of,  319. 

Milk  of,  316. 

Radicals,  573. 

Salts,  112,  462. 
Sulphuretted  Hydrogen,  316. 
Sulphuric  Acid,  323.  —  53,  54,  564, 323, 543. 
*'    Kordhausen,  325.-322. 

Anhydride,  315.  —53,  58, 109. 

Chloride,  326. 

Oxide.  322. 
Sulphnions  Acid,  320,  322. 

Anhydride,  321.  —  824. 
Chloride,  326. 
Oxide,  320. 
Snlphuiylic  Chloride,  328. 
Syepoonte,  370. 
Sylvanite,  327. 
Symbols,  51. 

Bracketed,  96. 

Empirical,  94. 

Graphic,  93. 

Structural,  94. 
Synthetical  Reaction,  54. 
Synthesis,  9. 

"        Methods  of,  560. 
Systems  of  Crystals,  245. 

T. 

Tibular  Spar,  338. 
Talc,  350. 
Tantalic  Acid,  496. 

'*       Anhydride,  49T. 

'«       Chloride,  496. 

"       Fluoride,  496. 
Tantalite,  496. 
Tantalum,  496. 

**        Compounds  of,  407. 
Tarter  Emetic,  467. 
Tartaric  Acid,  467,  578. 
Tartronic  Add,  573. 
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Tsllnric  Acid,  327. 
Tellurium,  326. 
Tellurous  Anhydride,  827. 
Temperature,  i6. 
Tennantito,  463. 
Tension  of  (Jasas,  14. 
Tephrolte,  376. 
Terbium,  598. 
Terephthalic  Add,  582. 
Test  Papers,  112. 
Tetradymite,  827. 
Tetragonal  System,  246. 
Tetrahedrite,  359,  471. 
Thallium,  307. 
Thenard*s  Blue,  873. 
Theory  of  Exchangee,  203. 
Thermo-Chemistry,  165. 
Thermolysis,  180. 
ThiaceUc  Acid,  578.  —  lOL 
Thiosttlphites,  821. 
Thomsenolite,  410. 
Thomsonlte,  411. 
Thoric  Chloride,  521. 
Thorite,  521. 
Thorium,  521. 
Thulium,  598. 
Tin,  514. 

*'    and  Alcohol  Radktls,  518. 

'*    Butter  of,  515. 

"    Pyrites,  514. 

''    Salte,  515.— 519. 

'*    Stone,  514. 
Tincal,  431. 
Titanic  Iron,  380. 
Titanium,  511. 

*'        Compounds  of,  511, 512,  518. 
Titanous  Chloride,  511. 

••      Oxide,  513. 
Toluidine,  584. 
Toluol,  578,  580. 
Toluylic  Add,  581. 
Topaz.  411. 

Torvuia  cerevisijB,  589. 
Tourmaline,  429. 
Trachyte,  412. 
Travertine,  335. 
Tribasic  Acids,  110. 
Tricllnic  System,  249. 
Triethylamine,  575. 
Trimellitic  Acid,  582. 
Trimetric  System,  248. 
TriphyUte,  382. 
Triplite,  876. 
Tripoli,  526. 
Troillte.  381. 
Tufa,  335. 
Tunffsten,  829. 

^*        Oomponnds  of,  829. 
Tungstic  Add,  829. 

^*  Anhydride,  i 
Tnmbuirs  Blue.  550. 
Turpeth  Mineral,  362. 
Turqaois,  41L 
Twin  Crystals,  257. 
Type-Metel,  841,  465. 
Types,  Chemical,  86. 
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u. 

Ultramarine,  419. 

UniUrr  Theory,  96. 

Unit  of  Atomic  Weight,  40. 

Current,  935. 

Dectromotive  Force,  985. 

Heat,  17. 

Molecular  Weight,  40. 

Quantivatence,  78. 

Resistance,  935. 

Specific  GrayitjT,  9. 

volume,  9. 

Weight,  9. 
Uranite,  492. 
Uranium,  499. 
Uranium  and  Oxygen,'  498. 
Uranous  Chloride,  493. 
Uranyl,  499. 

Chloride,  492. 

Fluoride,  499. 

Hydrate,  499. 

Nitrate,  499. 

Potassic  Sulphate,  499. 
Urea,  551. 
Urethanes,  571. 

V. 

Yalentinite,  467. 
Vanadates,  490. 
Tanadic  Anhydride,  490. 
Yanadinite,  489. 
Vanadium,  489. 

•«         Nitride  of,  491. 

*«         Oxides  of,  490. 
Vanadyl,  489. 
Vermilion,  869. 
Vesuvianlte,  586. 

Vitriols,  395,  399,  365,  868,  870,  881. 
Vivianite,  389. 
Voltaic  Battery,  915. 
Voltaite,  881. 
Volume,  1. 

W. 

Wad,  876. 

Water,  981 108, 104,  989,  561. 


Water  of  Crystallization,  117. 

*'     Glass,  596. 
Wavellite,  411. 
Waves  of  Light,  19a 
Weight.  1. 
While  IrY>n,  888.     , 

''     Lead,  349. 

"     Vitriol,  351. 
Witherite,  839. 
Wittichenite,  477. 
Wolfram,  399. 
Wollastonite,  587. 
Woody  Fibre,  500. 
Wulfenite,  828. 


X. 


Xanthosiderite,  881. 


Teast,589. 
Tellow  Ochre,  881. 
Tenite,  389. 
Yttrium,  499. 


z. 


Zaratite,  868. 
Zeolites,  411. 
Zinc,  860.  ~  58. 

"     Amylide,  359. 

'*    and  Alcohol  Radkab,  859. 

"     Butter  of,  359. 

"     Hethide,  359. 
Zincic  Carbonate,  851. 

'*      Chloride,  359. 

"      Hydrate,  351. 

"      Oxide,  351. 

"      Sulphate,  351.^76. 
Zinkenite,  479. 
Zircouj  591. 
Zirconia,  521. 
Zirconium,  520. 

*<        Compounds  of,  690, 691. 
Zoi8ite,587. 
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